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PROTEINS

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications: United States Application
Serial Number 09/750,990 filed on 20 July 1999; United States Application Serial
Number 10/409,391; United States Application Serial Number 60/489,441 filed on 23
July 2003; United Kingdom Application Numbef GB 0330016.7 filed on 24 December
2003 and International Patent Application Number PCT/IB2004/000655 filed on 15
January 2004. Each of these aﬁplications- and each of the documents cited in each of
these applications (“application cited documents™), and each document referenced or
cited in the application cited documents, either in the text or during the prosecution of
those applications, as well as all arguments in support of patentability advanced during
such prosecution, are hereby incorporated herein by reference. Various documents are
also cited in this text (“herein cited documents”). Each of the herein cited documents,
and each document cited or referenced in the herein cited documénts, is hereby

incorporated herein by reference.
FIELD OF INVENTION

The present invention relates to methods of producing variant enzymes. The present

invention further relates to novel variant enzymes and to the use of these novel variant

enzymes.
TECHNICAL BACKGROUND

Lipid:cholesterol acyltransferase enzymes have been known for some time (see for
example Buckley — Biochemistry 1983, 22, 5490-5493). In particular,
glycerophospholipid:cholesterol acyl transferases (GCATs) have been found, which
like the plant and/or mammalian lecithin:cholesterol acyltransferases (LCATS), will
catalyse fatty acid transfer between phosphatidylcholine and cholesterol. V
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Upton and Buckley (TIBS 20, May 1995, p178-179) and Brumlik and Bﬁckley @d. of
Bacteriology Apr. 1996, p2060-2064) teach a lipase/acyltransferase from deromonas
hydrophila which has the ability to carry out acyl transfer to alcohol receptors in

aqueous media.

A putative substrate binding domain and active site of the 4. hydrophila
acyltransferase have been identified (see for example Thomton ef al 1988 Biochem. et
Biophys. Acta. 959, 153-159 and Hilton & Buckley 1991 J. Biol. Chem. 266, 997-
1000) for this enzyme.

Buckley et al (J. Bacteriol 1996, 178(7) 2060-4) taught that Ser16, Asp] 16 and His291

are essential amino acids which must be retained for enzyme activity to be maintained.

Robertson ef al (J. Biol. Chem. 1994, 269, 2146-50) taught some specific mutations,
namely Y226F, Y230F, Y30F, F13S, S18G, S18V, of the A. hydrophila

acyltransferase, none of which are encompassed by the present invention.
SUMMARY ASPECTS OF THE PRESENT INVENTION

The present invention is predicated upon the finding of specific variants of a GDSx
containing lipid acyltransferase enzyme, which variants have an increased transferase
activity compared with a parent enzyme. In particular, the variants according to the
present invention have an enhanced transferase activity using galactolipid as an acyl
donor as compared with a parent enzyme. These lipid acyltransferases are referred to
herein as glycolipid acyltxansférases. The variants according to the present invention
may additionally have an enhanced ratio of transferase activity using galactolipids as
an acyl donor as compared with phospholipid transferase activity (GL:PL ratio) and/or
an enhanced ratio of transferse activity using galactolipids as an acyl domor as
compared with galactolipid hydrolysis activity (GLt:GLh ratio) compared with a
parent enzyme.
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According to a first aspect the present invention provides a method of producing a
variant glycolipid acyltransferase enzyme comprising: (a) selecting a parent enzyme
which is a lipid acyltransferase enzyme characterised in that the enzyme éompﬁses the
amino acid sequence motif GDSX, wherein X is one or more of the following amino
acidresiduves L, A, V,LF, Y, H, Q, T, N, M or S; (b) modifying one or more amino
acids to produce a variant lipid acyltransferase; (c) testing the variant lipid
acyltransferase for activity on a galactolipid substrate, and optionally a phospholipid
substrate and/or optionally a triglyceride substrate; (d) selecting a variant enzyme with
an enhanced activity towards galactolipids compared with the parent enzyme; and
optionally (e) preparing a quantity of the variant enzyme.

In another aspect the present invention provides a variant glycolipid acyltransferase
enzyme characterised in that the enzyme comprises the amino acid sequence motif
GDSX, wherein X is one or more of the following amino acid residues L, A, V, I F,
Y, H, Q, T, N, M or S, and wherein the variant enzyme comprises one or more amino
acid modifications compared with a parent sequence at any one or more of the amino

acid residues defined in set 2 or set 4 or set 6 or set 7 (defined hereinbelow).

In a further aspect the present invention provides a variant glycolipid acyltransferase
enzyme characterised in that the enzyme comprises the amino acid sequence motif
GDSX, wherein X is one or more of the following amino acid residues L, A, V, L, F,
Y, H, Q, T, N, M or S, and wherein the variant enzyme comprises one or more amino
acid modifications compared with a parent sequence at any one or more of the amino
acid residues detailed in set 2 or set 4 or set 6 or set 7 (defined hereinbelow) identified
by said parent sequence being structurally aligned with the structural model of P10480
defined herein, which is preferably obtained by structural alignment of P10480 crystal
structure coordinates with 1IVN_PDB and/or 1DEO.PDB as taught herein.

The present invention yet further provides a variant glycolipid acyltransferase enzyme
characterised in that the enzyme comprises the amino acid sequence motif GDSX,
wherein X is one or more of the following amino acid residues L, A, V, L F, Y, H, Q,

T, N, M or S, and wherein the variant enzyme comprises one or more amino acid
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modifications compared with a parent sequence at any one or more of the amino acid
residues taught in set 2 identified when said parent sequence is aligned to the pfam
consensus sequence (SEQ ID No. 1) and modified according to a structural model of
P10480 to eﬁsure best fit overlap (see Figure 55) as taught

According to a further aspect the present invention provides a variant glycolipid
acyltransferase enzyme wherein the variant enzyme comprises an amino acid
sequence, which amino acid sequence is shown as SEQ ID No. 2, SEQ ID No. 3, SEQ
ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No.
16, SEQ ID No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36,
SEQ ID No. 37, SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43, or SEQ ID No. 45
except for one or more amino acid modifications at any one or more of the amino acid
residues defined in set 2 or set 4 or Aset 6 or set 7 (hereinafter defined) identified by
sequence alignment with SEQ ID No. 2.

In a further aspect the present invention provides a variant glycolipid acyltransferase
enzyme wherein the variant enzyme comprises an amino acid sequence, which amino
acid sequence is shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No.
5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16, SEQ ID No. 18,
SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28,
SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36, SEQ ID No. 37,
SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45 except for one or
more amino acid modifications at any one or more of the amino acid residues defined
in set 2 or set 4 or set 6 or set 7 identified by said parent sequence being structurally
aligned with the structural model of P10480 defined herein, which is preferably
obtained by structural alignment of P10480 crystal structure coordinates with
1ITVN.PDB and/or IDEO.PDB as taught herein.

According to a further aspect the present invention provides a variant glycolipid
acyltransferase enzyme wherein the variant enzyme- comprises an amino acid
sequence, which amino acid sequence is shown as SEQ ID No. 2, SEQ ID No. 3, SEQ
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ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No.
16, SEQ ID No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36,
SEQ ID No. 37, SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45
except for one or more amino acid modifications at any one or more of the amino acid
residues taught in set 2 identified when said parent sequence is aligned to the pfam
consensus sequence (SEQ ID No. 1) and modified according to a structural model of
P10480 to ensure best fit overlap (see Figure 55) as taught

The present invention yet further provides the use of a variant glycolipolytic enzyme
according to the present invention or obtained by a method according to the present
invention in the manufacture of a substrate (preferably a foodstuff) to prepare a lyso-
glycolipid, for example digalactosyl monoglyceride (DGMG) or monogalactosyl
monoglyceridle (MGMG) by treatment of a glycolipid (e.g. digalactosyl diglyceride
(DGDG) or monogalactosyl diglyceride (MGDG)) with the variant lipolytic enzyme
according to the present invention or obtained by a method according to the present

invention to produce the partial hydrolysis product, i.e. the lyso-glycolipid.

In a further aspect, the present invention provides the use of a variant lipolytic enzyme
according to the present invention or obtained by a method according to the present
invention in the manufacture of a substrate (preferably a foodstuff) to prepare a lyso-
phospholipid, for example lysolecithin, by treatment of z; phospholipid (e.g. lecithin)
with the variant lipolytic enzyme according to the present invention or obtained by a
method according to the present invention to produce a partial hydrolysis product, i.e a

lyso-phospholipid.

In one aspect the present invention relates to a method of preparing a foodstuff the
method comprising adding a variant lipolytic enzyme according to the -present
invention or obtained by a method according to the present invention to one or more
ingredients of the foodstuff.
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Another aspect of the present invention relates to a method of preparing a baked
product from a dough, the method comprising adding a variant lipolytic enzyme
according to the present invention or obtained by a method according to the present

invention to the dough.

In another aspect of the present invention there is provided the use of a variait
lipolﬁic enzyme according to the present invention or obtained by a method according
to the present invention in the manufacture of an egg-based product for producing

lysophospholipids.

In another aspect, there is provided a method of treating eggs or egg-based products
comprising adding a variant lipolytic enzyme according to the present invention to an

egg or an egg-based product to produce a lysophospholipid.

The variants of the invention may be used in a process of production of a snack food

such as instant noodles in analogy with W002/065854.

The present invention relates to the use of the variant lipid acyltransferase in
accordance with the present invention to results in a preferred technical effect or
combination of technical effects in for example the foodstuff (such as those listed
herein under 'Technical Effects”).

A further aspect of the present invention provides a process of enzymatic degumming
of vegetable or edible oils, comprising treating the edible or vegetable oil with a
variant lipolytic enzyme according to the present invention or obtained by a method
according to the present invention so as to hydrolyse a major part of the polar lipids
(e.g. phospholipid and/or glycolipid).

In another aspect the present invention provides a process comprising treating a
phospholipid so as to hydrolyse fatty acyl groups, which process comprising admixing
said phospholipids with a variant lipolytic enzyme according to the present invention
or obtained by a method according to the present invention.
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In another aspect the present invention provides a process of reducing the content of a
phospholipid in an edible oil, comprising treating the oil with a variant lipolytic
enzyme according to the present invention or obtained by a method according to the
present invention so as to hydrolyse a major part of the phospholipid, and separating
an aqueous phase containing the hydrolysed phospholipid from the oil.

There is also provided a method of preparing a variant lipolytic enzyme according to .
the present iﬁventiori or obtained by a method according to the present invention, the
method comprising transforming a host cell with a recombinant nucleic acid
comprising a nucleotide sequence coding for said variant lipolytic enzyme, the host
cell being capable of expressing the nuclectide sequence coding for the polypeptide of
the lipolytic enzyme, cultivating the transformed host cell under conditions where the

nucleic acid is expressed and harvesting the variant lipolytic enzyme.

In a further aspect the present invention relates to the use of a variant lipolytic enzyme
according to the present invention or obtained by a method according to the present
invention in the bioconversion of polar lipids (preferably glycolipids) to make high
value products, such as carbohydrate esters and/or protein esters and/or protein subunit

esters and/or a hydroxy acid ester.

A method of bioconverting polar lipids (preferably glycolipids) to high value products,
which method comprises admixing said polar lipid with a variant lipolytic enzyme
according to the present invention or obtained by a method according to the present

invention.

The present invention yet further relates to an immobilised variant lipolytic enzyme
according to the present invention or obtained by a method according to the present

invention.

Aspects of the present invention are presented in the claims and in the following

commentary.
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Other aspects conceming the nucleotide sequences which can be used in the present
invention include: a construct comprising the sequences of the present invention; a
vector comprising the sequences for use in the present invention; a plasmid comprising
the sequences for use in the present invention; a transformed cell comprising the
sequences for use in the present invention; a transformed tissue comprising the
sequences for use in the present invention; a transformed organ comprising the
sequences for use in the present invention; a transformed host comprising the
sequences for use in the present invention; a transformed organism comprising the
sequences for use in the present invention. The presént invention also encompasses
methods of expressing the nucleotide sequence for use in the present invention using
the same, such as expression in a host cell; including methods for transferring same.
The present invention further encompasses methods of isolating the nucleotide

sequence, such as isolating from a host cell.

Other aspects concerning the amino acid sequence for use in the present invention
include: a construct encoding the amino acid sequences for use in the present invention; a
vector encoding the amino acid sequences for use in the present invention; a plasmid
encoding the amino acid sequences for use in the present invention; a transformed cell
expressing the amino acid sequences for use in the present invention; a transformed tissue
expressing the amino acid sequences for use in the present invention; a transformed organ
expressing the amino acid sequences for use in the present invention; a transformed host
expressing the amino acid séquenc&s for use in the present invention; a transformed
organism expressing the amino acid sequences for use in the present invention. The
present invention also encompasses methods of purifying the amino acid sequence for use
in the present invention using the same, such as expression in a host cell; including

methods of transferring same, and then purifying said sequence.

For the ease of reference, these and further aspects of the present invention are now
discussed under appropriate section headings. However, the teachings under each

section are not necessarily limited to each particular section.



WO 2005/066347 PCT/1B2004/004378

DEFINITION OF SETS

- Amino acid set 1:

Amino acid set 1 (note that these are amino acids in 1IVN — Figure 57 and Figure 58.)
Gly8, Asp9, Ser10, Leull, Serl2, Tyrl5, Gly44, Asp45, Thr46, Glu69, Leu70, Gly71,
Gly72, Asn73, Asp74, Gly75, Leu76, GInl06, Ile107, Argl08, Leul09, Proll0,
Tyr113, Phel21, Phel39, Phel40, Metl141, Tyr145, Metl51, Asp154, His157, Gly155,
Ile156, Pro158

The highly conserved muotifs, such as GDSx and catalytic residues, were deselected
from set 1 (residues underlined). For the avoidance of doubt, set 1 defines the amino

acid residues within 10A of the central carbon atom of a glycerol in the active site of
the 1IVN model. '

Amino acid set 2:

Amino acid set 2 (note that the numbering of the amino acids refers to the amino acids
in the P10480 mature sequence)

Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn87, Asn88, Trplll, Valll2,
Alall4, Tyrl17, Leullg, Prol56, Gly159, Glnl60, Asnl61l, Prol62, Ser163, Alal64,
Argl65, Serl66, GInl67, Lys168, Vall69, Vall70, Glul71, Alal72, Tyr179, His180,
Asnl81, Met209, Leu210, Arg211, Asn215, Lys284, Met285, GIn289 and Val290.

Table of selected residues in Set 1 compared with Set 2:

IVN model P10480
Mature sequence Residue
IVN A.hyd homologue | Number
PFAM | Structure

Gly8 |Gly32
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Serl0
Leull
Seri2

Tyrls
Gly44
Asp45
Thr46

Glu69
Leu70
Gly71
Gly72
Asn73
Asp74
Gly75
Leu76
GIn106
Ile107
Argl08
Leul09
Prol110
Tyrl13

Asp33
Ser34
Leu35s
Ser36

Gly58
Asn98
Pro99
Lys100

Trpl29
Val130
Gly131
Alal32
Asnl33
Aspl34
Tyr135
Leul36

Prol74
Glyl177
GIn178
Asnl79
180 to 190

Leul?
Serl8

Lys22
Met23

Gly40

Asn80
Pro81
Lys82
Asn87
Asng88
Trplll
Valll2

Alall4

Tyrl17
Leull8
Prol56
Gly159
Glnl160
Asnlé61
Pro162
Ser163
Alalé4
Arglé65s
Ser166
Gln167
Lys168

PCT/1B2004/004378
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Vall69.
Vall70
Glul71
Alal72
Phel21 | His198 | Tyr197 Tyrl79
His198 His180
Asnl199 Asnl81
Phel39 | Met227 Met209
Phel40 | Leu228 Leu210
Metl141 | Arg229 Arg211
Tyrl45 | Asn233 Asn215
Lys284
Metl51 | Met303 Met285
Aspl54 | Asp306
Gly155 | GIn307 GIn289
Ile156 | Val308 Val290
His157 | His309
Pro158 | Pro310

Amino acid set 3:

Amino acid set 3 is identical to set 2 but refers to the Aeromonas salmonicida (SEQ ID
No. 28) coding sequence, i.e. the amino acid residue numbers are 18 higher in set 3 as
this reflects the difference between the amino acid numbering in the mature protein
(SEQ ID No. 2) compared with the protein including a signal sequence (SEQ ID No.
28).
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The mature proteins of Aeromonas salmonicida GDSX (SEQ ID No. 28) and
Aeromonas hydrophila GDSX (SEQ ID No. 26) differ in five amino acids. These are
Thr3Ser, GIn182Lys, Glu309Ala, Ser310Asn, Gly318-, where the salmonicida residue
is listed first and the hydrophila residue is listed last (FIGURE 59). The hydrophila
protein is only 317 amino acids long and lacks a residue in position 318. The
Aeromonas salmonicidae GDSX has considerably high activity on polar lipids such as
galactolipid substrates than the Aderomonas hydrophila protein. Site scanning was

performed on all five amino acid positions.
Amino acid set 4:
Amino acid set 4 is S3, Q182, E309, S310, and -318.

Amino acid set 5:

F13S, D15N, S18G, S18V, Y30F, D116N, D116E, D157 N, Y226F, D228N Y230F.
Amino acid set 6:

Amino acid set 6 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, Trplll, Vall12, Alal14, Tyr117, Leull8, Prol56, Gly159, GInl60, Asnl6l,
Pro162, Ser163, Alal64, Argl65, Ser166, Gln167, Lys168, Val169, Vall170, Glul71,
Alal72, Tyrl79, His180, Asnl81, GIn182, Met209, Leu210, Arg21l, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318.

The numbering of the amino acids in set 6 refers to the amino acids residues in P10480
(SEQ ID No. 2) - corresponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural alignment to P10480 and/or
1IVN.
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Amino acid set 7:

Amino acid set 7 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, Trp111, Valll2, Alal14, Tyr117, Leull8, Pro156, Glyl159, Gln160, Asn161,
Pro162, Ser163, Alal64, Arg165, Ser166, GIn167, Lys168, Vall69, Vall70, Glul71,
Alal72, Tyr179, His180, Asn181, GIn182, Met209, Leu210, Arg21l, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318, Y30X (where X is selected
fromA,C, D,E,GHLK L MN,P,QR,S, T, V, or W), Y226X (where X is
selected from A, C,D,E, G, H, LK, L, M,N,P,Q,R, S, T, V, or W), Y230X (where
X is selected from A, C,D,E, G, H, LK, L, M, N, P, Q,R, S, T, V, or W), S18X
(where X is selected from A,C,D,E, F,H, LK, L, M,N,P,Q,R, T, Wor Y), D157X
(where X is selected from A, C,E,F,G,H,LK,L,M,P,Q,R,S, T,V, Wor Y).

The numbering of the amino acids in set 7 refers to the amino acids residues in P10480 -
(SEQ ID No. 2) — corresponding amino acids in other sequence backbones can be

determined by homology alignment and/or structural alignment to P10480 and/or
1IVN).

DETAILED ASPECTS OF THE PRESENT INVENTION

Preferably, the parent lipid acyltransferase enzyme comprises any one of the following
amino acid sequences: SEQ ID No. 2, SEQ ID Nd. 3, SEQ ID No. 4, SEQ ID No. 5,
SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16, SEQ ID No. 18, SEQ
ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID
No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No.
39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45 or an amino acid sequence
which has 75% or more identity with any one of the sequences shown as SEQ ID No.
2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ
ID No. 14, SEQ ID No. 16, SEQ ID No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID
No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No.
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34, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43
or SEQ ID No. 45.

Suitébly, the parent lipid acyltransferase enzyme according to the present invention
comprises an amino acid sequence which has at least 80%, preferably at least 85%,
more preferably at least 90%, more preferably at least 95%, more at least 98%
homology with any one of the sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ
ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No.
16, SEQ ID No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36,
SEQID No. 37, SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45.

Suitably, the parent lipid acyltransferase enzyme may be encoded by any one of the
foll9wing nucleotide sequences: SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
No. ‘10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 15, SEQ ID No. 17, SEQ ID No.
19, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No. 25, SEQ ID No.27, SEQ ID No. 29,
SEQ ID No. 31, SEQ ID No. 32, SEQ ID No. 35, SEQ ID No. 38, SEQ ID No. 40,
SEQ ID No. 42, SEQ ID No. 44 or SEQ ID No. 46 or a nucleotide sequence which has
at least 75% or more identity with any one of the sequences shown as SEQ ID No. 7,
SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ
ID No. 15, SEQ ID No. 17, SEQ ID No. 19, SEQ ID No. 21, SEQ ID No. 23, SEQ ID
No. 25, SEQ ID No.27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 32, SEQ ID No.
35, SEQ ID No. 38, SEQ ID No. 40, SEQ ID No. 42, SEQ ID No. 44 or SEQ ID No.
46.

Suitably, the nucleotide sequence may have 80% or more, preferably 90% or more,

more preferably 95% or more, even more preferably 98% or more identity with any

~ one of the sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID

No. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 15, SEQ ID No. 17, SEQ ID No.
19, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No. 25, SEQ ID No.27, SEQ ID No. 29,
SEQ ID No. 31, SEQ ID No. 32, SEQ ID No. 35, SEQ ID No. 38, SEQ ID No. 40,
SEQ ID No. 42, SEQ ID No. 44 or SEQ ID No. 46.
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Preferably, the parent enzyme is modified at one or more of the amino acid residues
defined in set 2 or set 4 or set 6 or set 7 when aligned to the reference sequence (SEQ
ID No. 2) or structurally aligned to the structural model of P10480, or aligned to the
pfam consensus sequence and modified according to the structural model of P10480.

Suitably the variant enzyme may have an enhanced ratio of activity on galactolipids
compared with the activity on either phospholipids and/or triglycerides when

compared with the parent enzyme.

Suitably, the method according to the present invention may comprise testing the

* variant lipid acyltransferase for:

(1) transferase activity from a galactolipid substrate, and

(11) transferase activity from a phospholipids substrate; and
selecting a variant enzyme, which when compared with the parent enzyme, has an
enhanced ratio of transferase activity from galactolipids compared with phospholipids.

Suitably, the ratio -of transferase activity from galactolipids compared with
phospholipids of the variant enzyme according to the present invention may be at least

1, at least 2, at least 3, at least 4 or at least 5.

Suitably, the method according to the present invention may comprise testing the
variant lipid acyltransferase for:

(a) transferase activity from a galactolipid substrate, and

(b) hydrolytic activity on a galactolipid substrate; and _
selecting a variant enzyme with an enhanced ratio of transferase activity from
galactolipids compared with its hydrolytic activity on glycolipids, compared with the
parent enzyme.

Suitably, the ratio of transferase activity on galactolipids compared to hydrolyﬁc
activity on galactolipids may be great than 1, at least 1.5, at least 2, at least 4 or at least
s :
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An assay for determining the transferase and hydrolytic activities from galactolipids
and/or phospholipids is/are taught in Example 8 for example.

The term “enhanced activity towards galactolipids” means the enzyme has an
enhanced (i.e. higher) transferase activity when the lipid acyl donor is a galactolipid
compared with the parent enzyme (galactolipid transferase activity) and/or has an
increased ratio of galactolipid transferase activity when compared with phospholipids
transferase activity compared with the parent enzyme (GLt:PLt ratio) and/or has an
increased ratio of galactolipid transferase activity when compared with galactolipid
hydrolysis activit‘ty compared with the parent enzyme (GLt:GLh ratio).

Suitably, the variant enzyme compared with the parent enzyme may have an increased
galactolipid transferase activity and either the same or less galactolipid hydrolytic
activity. In other words, suitably the variant enzyme may have a higher galactolipid
transferase activity compared with its gdactoﬁpid hydrolytic activity compared with
the parent enzyme. Suitably, the variant enzyme may preferentially transfer an acyl
group from a galactolipid to an acyl acceptor rather than simply hydrolysing the
galactolipid.

In one embodiment, the enzyme according to the present invention may have an
increased transferase activity towards phospholipids (i.e an. increased phospholipid
transferase activity) as compared with the parent enzyme. This increased phospholipid
transferase activity may be independent of the enhanced activity towards galactolipids.
Suitably, however, the variant enzyme may have an increased galactolipid transferase

activity and an increased phospholipid transferase activity.

In one embodiment the present invention provides a variant lipid acyltransferase
enzyme characterised in that the enzyme comprises the amino acid sequence motif
GDSX, wherein X is one or more of the following amino acid residues L, A, V, L F,
Y,H Q T, N, M or S, wherein the variant has an enhanced activity towards
phospholipids, preferably enhanced phospholipid transferase activity, compared with

the parent enzyme and wherein the variant enzyme comprises one or more amino acid
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modifications compared with a parent sequence at any one or more of the amino acid

residues defined in set 2 or set 4 or set 6 or set 7.

The term “modifying” as used herein means adding, substituting and/or deleting.
Preferably the term “modifying” means “substituting”. 4

For the avoidance of doubt, when an amino acid is substituted in the parent enzyme it
is preferably substituted with an amino acid which is different from that originally
found at that position in the parent enzyme thus to produce a variant enzyme. In other
words, the term “substitution” is not intended to cover the replacement of an amino

acid with the same amino acid.

Preferably, the parent enzyme is an enzyme which comprises the amino acid sequence
shown as SEQ ID No. 2 and/or SEQ ID No. 28.

Preferably, the variant enzyme is an enzyme which comprises an amino acid sequence,
which amino acid sequence is shown as SEQ ID No. 2 except for one or more amino
acid modifications at any one or more of the amino acid residues defined in set 2 or set

4 or set 6 or set 7.

In one embodiment, preferably the variant enzyme comprises one or more amino acid
modifications compared with the parent sequence at at least one of the amino acid

residues defined in set 4.

Suitably, the variant enzyme comprises one or more of the following amino acid
modifications compared with the parent enzyme:

S3E,A,G, K, M, Y,R,P,N, Tor G

E309Q, R or A, preferably Q or R

-318Y, H, S or Y, preferably Y.

Preferably, X of the GDSX motif is L. Thus, preferably the parent enzyme comprises
the amino acid motif GDSL.
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Preferably the method of producing a variant lipid acyltransferase enzyme further
comprises one or more of the following steps:

1) structural homology mapping or

2) sequence homology alignment.

Suitably, the structural homology mapping may comprise one or more of the following

steps: ’

1) aligning a parent sequence with a structural model ( 1IVN.PDB) shown in
Figure 52;

ii) selecting one or more amino acid residue within a 10A sphere centred on the
central carbon atom of the glycerol molecule in the active site (see Figure 53)
(such as one or more of the amino acid residues defined in set 1 or set 2); and

i)  modifying one or more amino acids selected in accordance with step (i) in said

parent sequence.

In one embodiment the amino acid residue selected may reside within a 9, preferably
withina 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol

molecule in the active site (see Figure 53).

Suitably, the structural homology mapping may comprise one or more of the following

steps: .

1) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 52;

ii) selecting one or more amino acids within a 10A sphere centred on the central
carbon atom of the glycerol molecule in the active site (see Figure 53) (such as
one or more of the amino acid resicdtues defined in set 1 or set 2);

i)  determining if one or more amino acid residues selected in accordance with
step (ii) are highly conserved (particularly are active site residues and/or part of
the GDSx motif and/or part of the GANDY motif); and
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iv)  modifying one or more amino acids selected in accordance with step (ii),
excluding conserved regions identified in accordance with step (iii) in said

parent sequence.

In one embodiment the amino acid residue selected may reside within a 9, preferably
within a 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol
molecule in the active site (see Figure 53).

Alternatively to, or in combination with, the structural homology mapping described
above, the structureal homology mapping can be performed by selecting specific loop
regions (LRs) or intervening regions (IVRs) derived from the pfam aligmment
(Alignment 2, Figure 56) overlayed with the P10480 model and 1IVN. The loop
regions (LRs) or intervening regions (IVRs) are defined in the Table below:

P10480 amino acid positions (SEQ ID No

2)
IVR1 1-19
Toopl ARI) 20-41
IVR2 42-76
Loop2 (LR2) 77-89
IVR3 90-117
Loop3 (LR3) 118-127
IVR4 128-145
Loop4 (LR4) ' 146-176
IVRS 177-207
Loop5 (LR5) 208-287
IVR6 288-317

In some embodiments of the present invention the variant acyltransferase enzyme not
only comprises an amino acid modifications at one or more of the amino acids defined

in any one of sets 1-4 and 6-7, but also comprises at least one amino acid modification
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in one or more of the above defined intervening regions (IVR1-6) (preferably in one or
more of the IVRs 3, 5 and 6, more preferably in IVR S or IVR 6) and/or in one or more.
of the above-defined loop regions (LR1-5) (preferably in one or more of LR1, LR2 or
LRS5, more preferably in LRS).

In one embodiment, the variant acyltransferase according to the present invention or
obtained by a method according to the present invention may comprise one or more
amino acid modification which is not only defined by one or more of set 2, 4, 6 and 7,
but also is within one or more of the IVRs 1-6 (preferably within IVR 3, 5 or 6, more
preferably within in IVR 5 or IVR 6) or within one or more of the LRs 1-5 (preferably
within LR1, LR2 or LRS, more preferably within LR5).

Suitably, the variant acyltransferase according to the present invention or obtained by a-
method according to the present invention may commprise one or more amino acid

modification which is not only in set 1 or 2, but also is within IVR 3.

Suitably, the variant acyltransferase according to the present invention or obtained by a
method according to the present invention may commprise one or more amino acid

modification which is not only in set 1 or 2, but also is within IVR 5.

Suitably, the variant acyltransferase according to the present invention or obtained by a
method according to the present invention may comprise one or more amino acid

modification which is not only in set 1 or 2, but also is within IVR 6.

Suitably, the variant acyltransferase according to the present invention or obtained by a
method according to the present invention may comprise one or more amino acid

modification which is not only in set 1 or 2, but also is within LR 1.

Suitably, the variant acyltransferase according to the present invention or obtained by a
method according to the present invention may comprise one or more amino acid

modification which is not only in set 1 or 2, but also is within LR 2.
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Likewiée, in some embodiments of the present invention the variant acyltransferse
enzyme pot only comprises an amino acid modification at one or more amino acid
residues which reside within-a 10, preferably within a 9, 8, 7, 6, 5, 4, or 3, A sphere
centred on the central carbon atom of the glycerol molecule in the active site (see
Figure 53), but also comprises at least one amino acid modification in one or more of
the above defined intervening regions (IVR1-6) (preferably in one or more of IVRs 3,
5 and 6, more preferably in IVR 5 or IVR 6) and/or in one or more of the above-
defined loop regions (LR1 -5) (preferably in one or more of LR1, LR2 or LR5, more

| preferably in LR5).

In one embodiment, preferably the amino acid modification is at one or more amino

acid residues which reside within a 10A sphere and also within LRS.

Thus, ihe structural homology mapping may comprise one or more of the following
steps:
1) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 52;
i) selecting one or more amino acid residue within a 10A sphere centred on
the central carbon atom of the glycerol molecule in the active site (see
Figure 53) (such as one or more of the amino acid residues defined in set 1
or set 2); and/or selecting one or more arnino acid residues within IVR1-6)
(preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR
6); and/or selecting one or more amino acid residues within LR1-5
(preferably within LR1, LR2 or LRS, more preferably within LR5); and
iii)  modifying one or more amino acids selected in accordance with step (ii) in

said parent sequence.

In one embodiment the amino acid residue selected may reside within a 9, preferably
within a 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol

molecule in the active site (see Figure 53).
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Suitably, the structural homology mapping may comprise one or more of the following

steps:
i) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 52;
ii) selecting one or more amino acids within a 10A sphere centred on the

central carbon atom of the glycerol molecule in the active site (see Figure
53) (suéh as one or more of the amino acid residues defined in set 1 or set
2); and/or selecting one or more amino acid residues within IVR1-6)
(preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR
6); and/or selecting one or more amino acid residues within LR1-5
(preferably within LR1, LR2 or LRS, more preferably within LR5);

iii)  determining if one or more amino acid residues selected in accordance with
step (1i) are highly conserved (particularly are active site residues and/or
part of the GDSx motif and/or part of the GANDY motif); and

modifying one or more amino acids selected in accordance with step (ii), excluding

conserved regions identified in accordance with step (iii) in said parent sequence.

Suitably, the one or more amino acids selected in the methods detailed above are not
only within a 10A sphere centred on the central carbon atom of the glycerol molecule
in the active site (see Figure 53) (such as one or more of the amino acid residues
defined in set 1 or set 2), but are also within one or more of the IVRs 1-6 (preferably
within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR 6) or within one or more
of the LRs 1-5 (preferably within LR1, LR2 or LR5, more preferably within LRS5).

In one embodiment, preferably the one or more amino acid modifications is/are within
LRS5. When it is the case that the modification(s) is within LRS, the modification is
not one which is defined in set 5. Suitably, the one or more amino acid modifications
not only fall with the region defined by LRS5, but also constitute-an amino acid within

one or more of set 2, set 4, set 6 or set 7.

Suitably, the sequence homology alignment may comprise one or more of the
following steps:
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i) selecting a first parent lipid acyltransferase;

ii) identifying a second related lipid acyltransferase having a desirable activity;

iii)  aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

iv)  identifying amino acid residues that differ between the two sequences; and

V) modifying one or more of the amino acid residues ideﬁtiﬁed in accordance with

step (iv) in said parent lipid acyltransferase.

Suitably, the sequence homology alignment may comprise one or more of the

following steps:

1) selecting a first parent lipid acyltransferase;

ii) identifying a second related lipid acyltransferase having a desirable activity;

iil)  aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

) identifying amino acid residues that differ between the two sequences;

v) determining if one or more amino acid residues selected in accordance with
step (iv) are highly conserved (particularly are active site residues and/or part
of the GDSx motif and/or part of the GANDY motif); and

vi) modifying one or more of the amino acid residues identified in accordance with
step (iv) excluding conserved regions identified in accordance with step (v) in

said parent sequence.

Suitably, said first parent lipid acylﬁ'ansferase may comprise any one of the following
amino acid sequences: SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5,
SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16, SEQ ID No. 18, SEQ
ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID
No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No.
39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45.

Suitably, said second related lipid acyltransferase may comprise any one of the
following amino acid sequences: SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ
ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16, SEQ ID



10

15

20

25

30

WO 2005/066347 PCT/1B2004/004378

24

No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No.
28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36, SEQ ID No. 37,
SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45.

The variant enzyme must comprise at least one amino acid modification compared
with the parent enzyme. In some embodiments, the variant enzyme may comprise at
least 2, preferably at least 3, preferably at least 4, preferably at least 5, preferably at
least 6, preferably at least 7, preferably at least 8, preferably at least 9, preferably at
least 10 amino acid modifications compared with the parent enzyme.

Suitably the methods according to the present invention may comprise a further step of
formulating the variant enzyme into an enzyme composition and/or a foodstuff

composition, such as a bread improving composition.

In order to align a GDSx polypeptide sequence (parent sequence) with SEQ ID No. 2
(P01480), sequence alignment such as pairwise alignment can be used
(hitp://www.ebi.ac.uk/emboss/align/index.html). Thereby, the equivalent amino acids

in altemative parental GDSx polypeptides, which correspond to one or more of the
amino acids defined in set 2 or set 4 or set 6 or set 7 in respect of SEQ ID No. 2 can be
determined and modified. As the skilled person will readily appreciate, when using
the emboss pairwise alignment, standard settings usually suffice. Corresponding
residues can be identified using “needle” in order to make an alignment that covers the
whole length of both sequences. However, it is also possible to find the best region of

similarity between two sequences, using “water”.

Alternatively, particularly in instances where parent GDSx polypeptides share low
homology with SEQ ID No. 2, the corresponding amino acids in alternative parental
GDSx polypeptides which correspond to one or more of the amino acids defined in set
2, set 4, set 6 or set 7 in respect of SEQ ID No. 2 can be determined by structural
alignment to the structural model of P10480, obtained by comparison of P10480
derived structural model with the structural coordinates of 1IVN.PDB and 1DEO.PDB
using the ‘Deep View Swiss-PDB viewer’ (obtained from www.expasy.org/spdbv/)
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(Figure 53 and Example 1). Equivalent residues are identified as those overlapping or
in closest proximity to the residues in the obtained structural model of P010480, as
illustrated in the Table comparing Set 1 and Set 2 (see section entitled “Definition of
Sets” hereinabove). In this way other GDSX polypeptides can be compared against
the 1IVN.PBD crystal co-ordinates, and equivalent residues to Set 1 determined.

Altemnatively, particularly in instances where a parent GDSx polypeptide shares a low -
homology with SEQ ID No. 2, the equivalent amino acids in alternative parental GDSx
polypeptides, which correspond to one or more of the amino acids defined in set 2 or
set 4 or set 6 or set 7 in respect of SEQ ID No. 2 can be determined from an alignment
obtained from the PFAM database (PFAM consensus) modified based on the structural
alignment as shown in Alignment 1 (Figure 55). The modification based on the
structural models may be necessary to slightly shift the alignment in order to ensure a
best fit overlap. Alignment 1 (Figure 55) provides guidance in this regard.

The variant enzyme according to the present invention preferably does not comprise

one or more of the amino acid modifications defined in set 5.
Suitably the variant enzyme may be prepared using site directed mutagenesis.

Altemnatively, one can introduce mutations randomly for instance using a commercial
kit such as the GeneMorph PCR mutagenesis kit from Stratagene, or the Diversify
PCR random mutagenesis kit from Clontech. EP 0 583 265 'refers to methods of
optimising PCR based mutagenesis, which can also be combined with the use of
mutagenic DNA analogues such as those described in EP 0 866 796. Errér prone PCR
technologies are suitable for the production of variants of lipid acyl transferases with
preferred characteristics. W00206457 refers to molecular evolution of lipases.

A third method to obtain novel sequences is to fragment non-identical nucleotide
sequences, either by using any number of restriction enzymes or an enzyme such as
Dnase I, and reassembling full nucleotide sequences coding for functiomal proteins
(hereinafter referred to as “shuffling™). Altematively one can use one or multiple non-
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identical nucleotide sequences and introduce mutations during the reassembly of the
full nucleotide sequence. DNA shuffling and family shuft}ing technologies are suitable
for the production of variants of lipid acyl transferases with preferred characteristics.
Suitable methods for performing ‘shuffling' can be found in EPO 752 008, EP1.138
763, EP1 103 606. Shuffling can also be combined with other forms of DNA
mutageneéis as described in US 6,180,406 and WO (01/34835.

Thus, it is possible to produce numerous site directed or random mutations into a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved

functionality of the encoded variant polypeptide by various means.

As a non-limiting example, In addition, mutations or natural variants of a
polynucleotide sequence can be recombined with either the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.

The following regions may preferably be selected for localised random mutagenesis
and/or shuffling: IVR3; IVR 5, IVR 6, LR1, LR2, and/or LRS, most preferably LRS.

For the production of libraries of variants microbial eukaryotic or prokaryotic
expression hosts may be used. In order to ensure uniform expression within a library
of variants, low copy number, preferably single event chromosomal expression
systems may be preferred. Expression systems with high transformation frequencies
are also preferred, particularly for the expression of large variant libraries (>1000
colonies), such as those prepared using random mutagenesis and/or shuffling

technologies.

Suitable methods for the use of a eukaryotic expression host, narnely yeast, in the
production of enzymes are described in EP1131416. Microbial eukaryotic expression
hosts, such as yeast, may be preferred for the expression of variant libraries produced
using a eukaryotic acyltransferase parent gene.
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Suitable methods using Bacillus, i.e. Bacillus subtilis, as an expression host in the
production of enzymes are described in WO002/14490. Microbial prokaryotic
expression hosts, such .as Bacillus, may be preferred for the expression of variant
libraries produced using a prokaryotic acyltransferase parent gene, for example the
P10480 reference sequence (SEQ ID No 2).

Suitably, the variant lipid acyltransferase according to the present invention retains at
least 70%, preferably at least 80%, preferably at least 90%, preferably at least 95%,
preferably at least 97%, preferably at least 99% homology with the parent enzyme.

Suitable parent enzymes may include any enzyme with esterase or lipase activity.
Preferably, the parent enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipid acyltransferase enzyme retains or
incorporates at least one or more of the pfam00657 consensus sequence amino acid
residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous
environment may be mutated using molecular evolution tools to introduce or enhance
the transferase activity, thereby producing a variant lipid acyltransferase enzyme with
significant transferase activity suitable for use in the compositions and methods of the

present invention.

Suitably, the lipid acyltransferase for use in the invention may be a variant with
enhanced enzyme activity on polar lipids, preferably glycolipids, when compared to
the parent enzyme. Preferably, such variants also have low or no activity on lyso
polar lipids. The enhanced activity on polar lipids, preferably glycolipids may be the
result of hydrolysis and/or transferase activity or a combination of both.
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Variant lipid acyltransferases for use in the invention may have decreased activity on

triglycerides, and/or monoglycerides and/or diglycerides compared with the parent

enzyme.

Suitably the variant enzyme may have no activity on triglycerides and/or
monoglycerides and/or diglycerides. Low activity on triglycerides is preferred in
variant enzymes which are to be used for bakery applications, for treatment of egg or
egg-based products and/or for degurnming oils.

In one embodiment, suitably the variant enzyme may have a high acﬁvity on
diglycerdies and no or low activity on triglycerides.

When referring to specific amino acid residues herein the pumbering is that obtained
from alignment of the variant sequence with the reference sequence shown as SEQ ID
No. 2.

In one aspect preferably the variant enzyme comprises one or more of the following

amino acid substitutions:

S3A,C,D,E,F,G,H,LK,L, M,N,P,Q,R, T, V, W, or Y; and/or
L17A,C,D,E,F,G,H, 1L K, M,N,P,Q,R, S, T, V, W, or Y; and/or
S18A,C,D,E,F,H,LK,L,M,N,P, Q,R, T, W, or Y; and/or
K22A,C,D,E,F,G,H,L L,M,N,P,Q,R, S, T, V, W, or Y; and/or
M23A,C,D,E,F,G,H,LK,L, N,P,Q,R, S, T, V, W, or Y; and/or
Y304, C,D,E, G,H,LK,L,M,N,P,Q,R, S, T, V, or W; and/or
G40A, C,D,E,F,H,LK,L,M,N,P, Q,R, S, T, V, W, or Y; and/or
N80A, C,D,E,F,G,H,,K,L,M,P,Q,R, S, T, V, W, or Y; and/or
P81A,C,D,E,F,G,H,,K,L,M,N, Q,R, S, T, V, W, or Y; and/or
K82A,C,D,E,F,G,H,LL,M,N,P,Q,R, S, T, V, W, or Y; and/or
N87A,C,D,E,F,G, H,LK,L,M,P,Q,R, S, T, V, W, or Y; and/or
N88A,C,D,E, F,G,H,LK,L,M,P,Q,R, S, T, V, W, or Y; and/or
W111A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W or Y; and/or
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V112A,C,D,E,F,G, H,LK,L,M,N,P,Q,R, S, T, W, or Y; and/or
Al14C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
Y117A,C,D,E,F,G,H, LK, L, M,N,P, Q,R, S, T, V, or W; and/or
L118A,C,D,E,F,G,H, LK, M,N,P,Q,R, S, T, V, W, or Y; and/or
P156A,C,D,E,F,G,H,LK,LLM,N,Q,R, S, T, V, W, or Y; and/or
DI157A,C,E,F,G, H,LK,L,M,P,Q,R, S, T, V, W, or Y; and/or

G159A,C,D,E,F, H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
Q160A,C,D,E,F,GH, LK,L,LM,N,P,R, S, T, V, W, or Y; and/or
N161A,C,D,E,F,G, H,LK,L,MP, Q.R,S,T,V, W, orY; and/or
P162A,C,D,E,F, G, H,LK,L,M,N,Q,R, S, T, V, W, or Y; and/or
S163A,C,D,E,F,G,H, LK, L, M,N,P,Q,R, T, V, W, or Y; and/or
Al64C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
R165A,C,D,E,F,G,H,LK,L,M,N,P,Q, S, T, V, W, or Y; and/or
S166A,C,D,E,F,GGH, LK, LLM,N,P,Q, R, T, V, W, or Y; and/or
Q167A,C,D,E,F,G,H,LK,L,M,N,P,R, S, T, V, W, or Y; and/or
K168A,C,D,E. F,G,H,LL,M,N,P,Q,R,S, T, V, W, or Y; and/or
V169A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, W, or Y; and/or
V170A,C,D,E,F,G, H,LK,L,M,N,P,Q,R, S, T, W, or Y; and/or
E171A,C,D,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
Al172C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
Y179A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, or W; and/or
H180A,C,D,E,F,G,LK,L,M,P,Q,R, S, T,V, W, or Y; and/or

Ni81A,C,D,E,F,G,H,L,K,L,M,P,Q,R, S, T, V, W, or Y; and/or

Q182A,C,D,E,F,G,H,LK,L,M,N,P,R,S, T, V, W, or Y, preferably K; and/or
‘ M209A,C,D,E,F,G,H, LK,L,N,P,Q,R, S, T, V, W, or Y; and/or

L210A,C,D,E,F,GGH, LK, M,N,P,Q,R,S, T, V, W, or Y; and/or

R211A,C,D,E,F,GH, LK, L, M,N,P,Q,R,S, T, V, W, or Y; and/or
N215A,C,D,E,F,G H,LK, L, M,N,P,Q,R,S, T, V, W, or Y; and/or

Y226A,C,D,E,G, H,LLK,L,M,N,P,Q,R, S, T, V, or W; and/or
Y230A,C,D,E,G,H, LK, L, M,N,P,Q,R, S, T, V or W; and/or
K284A,C,D,E,F, G, H, LL, M,N,P,Q,R,S, T, V, W, or Y; and/or
M285A,C,D,E,F,G,H,LK,L,N,P,Q,R,S, T, V, W, or Y; and/or
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Q289A,C,D,E,F,G,H,LK,L,M,N,P,R,S, T, V, W, or Y; and/or
V290A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, W, or Y: and/or
E309A,C,D, F,G,H, |, K; L M,N,P,Q,R,S, T, V, W, or Y; and/or
S310A,C,D,E,F,G,H,LK,L,M, N, P, QRT,V,WorY.

In addition or alternatively thereto there may be one or more C-terminal extensions.

~ Preferably the additional C-terminal extension is comprised of one or more aliphatic

amino acids, preferably a non-polar amino acid, more preferably of I, L, V or G. Thus,

the present invention further provides for a variant enzyme comprising one or more of

* the following C-terminal extensions: 3181, 318L, 318V, 318G.

When it is the case that the residues ‘in the parent backbone differ from those in
P10480 (SEQ ID No. 2), as determined by homology alignment and/or structural
alignment to P10480 and/or 1IVN, it may be desirable to replace the residues which
align to any one or more of the following amino acid residues in P10480 (SEQ ID No.
2): Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87, Asn88, Trplil,
Valll2, Alal14, Tyr117, Leul 18, Pro156, Gly159, GIn160, Asn161, Pro162, Ser163,
Alal64, Argl65, Ser166, Gin167, Lys168, Val169, Val170, Glul71, Alal72, Tyrl79,
His180, Asnl81, GInl82, Met209, Leu210, Arg21l, Asn215, Lys284, Met285,
GIn289, Val290, Glu309 or Ser310, with the residue found in P10480 respectively.

The following wildtype residues of P10480 have been found to be preferable for
retaining good activity, particularly good transferase activity from a galactolipid:, L17,
W11, R221, 83, G40, N88, K22, Y117, L118, N181, M209, M285, E309, M23. Thus
preferably the variant enzyme comprises the amino acid residue found in P10480 at

any one or more of these sites.

Variant enzymes which have an increased hydrolytic activity against a polar lipid may

also have an increased transferase activity from a polar lipid.
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Variant enzymes which have an increased hydrolytic activity against a phospholipid,
such as phosphatidylcholine (PC) may also have an increased transferase acﬁvity from
a phospholipid.

Variant enzymes which have an increased hydrolytic activity against a galactolipid,
such as DGDG, may also have an increased transferase activity from a galactolipid.

Variants enzymes which have an increased transferase activity from a phospholipid,
such as phosphatidylcholine (PC), may also have an increased hydrolytic activity
against a phospholipid.

Variants enzymes which have an increased transferase activity from a galactolipid,

such as DGDG, may also bave an increased hydrolytic activity against a galactolipid.

Variants enzymes which have an increased transferase activity from a polar lipid may

also have an increased hydrolytic activity against a polar lipid.

Suitably, one or more of the following sites may be involved in substrate binding:
Leul7; Alal14; Tyr179; His180; Asnl181; Met209; Leu210; Arg211; Asn215; Lys284;
Met285; GIn289; Val290.

The variant enzyme in accordance with the present invention may have oﬁe or more of
the following functionalities compared with the parent enzyme:

1) an increased relative transferase activity against galactolipid (DG) compared to PC
calculated as % Tpg/Tpc (as illustrated in Example 8)

2) an increased absolute transferase activity against galactolipid (DG) (as illustrated in
Example 8)

3) an increased transferase activity using galactolipid as donor (Tpg) relative to the
hydrolytic activity Hpg on galactolipid (DG) (as illustrated in Example 8)

4) an increased absolute transferase activity against PC (as illustrated in Example 8)
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Wherein DG is galactolipid (e.g. DGDG) (and may be herein also referred to as GL)
and PC is phospholipid (e.g. lecithin). Variants with an increased activity towards
galactolipid include variants within categories 1), 2) and 3) above. Variants with an
increased activity on galactolipids may also have an increased activity in

phospholipids (as per category 4) above).

1. A meodification to one or more of the following residues may result in a
variant enzyme having an increased relative transferase activity against DG
compared to PC calculated as % Tpg/Trc:

-318, N215, L1210, S310, E309, H180, N8O, V112, Y30X (where X is selected from
AC,D,E,G HLK, L M, N; P.Q,R, S, T, V, or W), V290, Q289, K22, G40,
Y179, M209, L211, K22, P81, N87, Y117, N181, Y230X (where X is selected from A,
CD,EGHLKLMNPQR,S,T,V,or W), Q182.

Typically, one or more of the following substitutions may be preferred:
S3A,C,D,E,F,GH,LK,L,M,N,P,Q,R, T,V, Wor Y, preferably M, R, N, G, T,
Q,P,Y,S, L, E, W, most preferably Q

K22A,E,C,F,G, H,LL, M,N,P,Q,R,S, T, V, Wor Y, preferably A, C,EorR
Y30A,C,D,H,L K, M,N,P,Q,R, T,V,W,G,LL, S, M, A, RorE, preferably H, T,
W,N,D,C,QG,LL,S,M,A,RorE

G40L,N,T,Vor A

N8ON,R,D, A,C,E,F,G,H, K, L, M,P,Q,S, T,V,WorY, preferably H, I, Y, C,
QMS, W, LNRDorF

P81A,C,D,E,F,GH, LK, L, M,N,Q,R, S, T, V,Wor Y, preferably , M, F, G, V,
Y,D,CorA

K82A,C,D,E,F,G,H,LL,M,N,P,Q,R, S, T, V, Wor Y, preferably H, K, Sor R
N87A,C,D,E,F,G,H,LK, L, M,P,Q,R,S, T, V,Wor Y, preferably I, Y, M, T, Q,
S, W,F,VorP

N88A,C,D,E,F,G,H,LK,L,M,P,Q,R,S, T,V,Wor Y, preferably C, V, Aor F
Vii2C )
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Y117A,C,D,E,F, H, T,G, LK, L,M,N,P,Q,R, S, Vor W, preferably A,N,E, H,
T,LF,C,PorS

L118A,C,D,E,F,G,H,LK,M,N,P,Q,R, S, T, V, W, or Y, preferably F
VI112A,D,E,F,G, H,LK,L,M,N,P,Q,R, S, T, Wor Y, preferably I, M, F, Y, N,
E, T,QHorP

Y179A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V or W, preferably F, C,H, I, L,
M,P,VorwW .

HI180K,Q,A,C,D,E,F,G, LL,M,P,R, S, T, V, W, or Y, preferably M, F, C, K or
Q

N18lAorV

Q182A,C,D,E,F,G,H,LK,M,N,P,Q,R, S, T, V, W, or Y, preferably K

M209L, K, M, A,C,D,E,F,G,H,LN,P, Q, R, S, T,V, W, or Y, preferably L F, T,
D,CH,L,K,MorP ,
L210G, L H,E,M, S, W, V,A,R,N,D,Q,T,C,F,K, Por Y, preferably G, I, H, E,
M, S, W,VARN,DQ,T, YorF

R211G,Q, K, D,A,C,E,FF H,LL M,N,P,R, S, T, V, Wor Y, preferably G, Q, K,
D,H,LLM,F,P,S,Y,N,C,Lor W

N215A,C,D,E,F,G, H, LK, L, M,N,P,Q,R, S, T, V, Wor Y, preferably I, F, P, T,
W,Hor A .
Y230A,C,D,E,GH LKL M,N,P,Q,R, S, T, Vor W, preferably I, T, G, D, R,
E, V,Mor S, most preferably I, D, R or E -
Q289A,C,D,E,F,G,H,LK,L,M,N,P,R,S, T, V, Wor Y, preferably F, W, H, I,
Y,L,D,C,K, V,E, G. R, N or P, more preferably R, T, D, K, N or P
V290A,C,D,E,H,F,G,LK,L,M,N,P,Q,R,S, T, WorY;
E309S,Q,R,A,C,D,F,GH, LK, L,M, N, P, T, V, W or Y, preferably F, W, N, H,
LM, S, QR AorY

S310A,P, T, H, M,K,G,C,D,E,F,LL,N,Q, RV, Wor Y, preferably F, Y, C, L,
K, AP, T HM,KorG

-318A,C,D,E,F,G, LK,LLM,N,P,Q, R, T,V,W,Y,Hor S
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Preferably, one or more of the following modifications may result in a variant enzyme

having an increased relative transferase activity against DG compared to PC calculated
as % Tpo/Tec '

S3A,C,D,E,F,G, HLLK,L,LM,N,P,Q,R, T,V, Wor Y, preferably M, R, N, G, T,
Q,P,Y,S,L, E, W, most preferably Q

G40L,N,T,VorA

K82A,C,D,E,F,G,H,LL,M,N,P,Q,R,S, T, V, Wor Y, preferably H, K, S or R
N88A,C,D,E,F,G,H,LK,L,M,P,Q,R,S, T, V, Wor Y, preferably C, V, A or F
Y230A,C,D,E,GH LK. LM,N,P,Q,R,S, T, Vor W, preferably I, T, G, D, R,
E, V, M or S, most preferably D, R or E

Q289A,C,D,E,F,G,H,LK,LL M,N,P,R,S, T, V,WorY, preferably F,W,H, 1,
Y,L,D,C,K, V,E, Gor P, more preferably R, T, D, K or P

Modification of one or more of the following modifications results in a variant enzyme
having an increased relative transferase activity against DG compared to PC calculated
as % Tps/Trc:

-318Y,HorS

N215H

L210G,LH,E,M, S, W, V,A,R,N,D,Qor T

S310A,P, T, HLM,Kor G .

E309S,Q, AorR

H180K, Tor Q

NSON,RorD

V1i2C

Y30G,ILL, S, M, A, R or E , more preferably Y30M, A or R

V290R,E,Hor A

Q289R, T,Dor N

K22E

G40L

Y179V orR

M209L, K or M
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L211G,Q,KorD
Y230V
G40Q,LorV
N88W

N87R or D

For some embodiments the following substitutions may also be suitable:
K22A or C

P81G

N87M

Y117A,N,E,Hor T

N18iAorV

Y2301

V290H

N87R, D, EorM

Q182T

Preferably, the residues modified in order to increase the ratio of galactolipid
transferase compared to phospholipid transferase activity are one or more of the
following:: -318, N215, L210, E309, H180, N80.

Typically, one or more of the following substitutions are preferred:

-318 Y, H or S, most preferably Y
N215H

L210D,Qor T

E309QorR

H180K or Q

N8ON,RorD
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2. A modification to one or more of the following residues may result in a variant
having an increased absolute transferase activity against DG:

-318, N215, 1210, S310, E309, H180, N80, V112, Y30X (where X is selected from A,
C,D,E,G,H LKL MN,P,QR,S, T, V, or W), V290, Q 289, K22, G40, Y179,
M209, L211, K22, P81, N87, Y117, N181, Y230X (where X is selected from A, C, D,
E,GHILKLMNP QR,S,T,V, or W), V290, N87, Q182, S3, S310, K82,
A309.

In particular, one or more of the following modifications may result in a variant having

an increased absolute transferase activity against DG:

-318Y,H,S,A,C,D,E, F,G, LK,L,M,N,P,Q,R, T, V or W, preferably Y, H, S or
I

N215A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, Wor Y; preferably H, I, F, P,
T, W or A, most preferably H, S,L,R, Y

L210G, L H,E,M, S, W, V,A,R,N,D,Q, T,C,F,K, Por Y, preferably D, Q, T, Y
orF

S310A,P, T HL M, K, G,C,D,E,F,LLL,N, Q,R,V,Wor Y. preferably F, Y, C, L, K
or P, ‘
E309S,Q,R,A,C,D,F,G,H,LK,L,M,N, P, S, T, V, W or Y; preferably S, Q, R,
F, W,N,H, I, Mor Y, most preferably S, Q, R, N, P or A
H180A,C,D,E,F,G,LK,QL,M,P,R, S, T, V, Wor Y; preferably K, Q, M, For C,
most preferably T, K or Q

Ni18l1AorV

N8ON,R,D,A,C,E,F,G,HLLLK,L,M,P,Q,S, T, V, Wor Y, preferably H, 1, Y, C,
Q,M, S, W, L,N, R, DorF, most preferably N, R, D,P, V, Aor G
V112A,C,D,E,F,GH, LK, L, M,N,P,Q,R, S, T, W or Y; preferably I, M, F, Y,
N,E, T,Q,HorP

Y30G,LL,S,A,E,C,D,H,K, M,N,P,Q,R, T, v or W, preferably H, T, W, N, D,
CorQ

V290A,C,D,E,F,G,H,LK,LLM,N,P,Q,R,S, T, WorY;
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' Q289A,C,D,E,F,G,H,LK L M,N,P,R,S,T,V, Wor Y; preferably R, E, G, P,

NorR

K2A,CE,F,G,H,LL,M,N,P,Q,R,S, T, V, Wor Y, preferably C
Y179A,C,D,E, F,GH,LK,L,M,N,P,Q, R, S, T, Vor W; preferably F, C, H, L L,
M, P or W, more preferably E, R, N, V,K, S

M209A,C,D,E,F,G,H,LL, K, M,N,P,Q,R,S, T, V, Wor Y; preferably R, N, Y,
EorV

R211A,C,E,F, G H, L, M,N,P, Q,K,D,R,S, T, V, Wor Y, preferably H, I, M,
F,P, S, Y,N,C, L or W, most preferably R

S310C,D,E,F,LL,N,Q,R,V, Wor Y. preferably F, Y, C,L, K or P
S3A,C,D,E,F,GH, LK, LLM,N,P,Q,R, T,V,WorY, preferably M, R, N, A, G,
T, Q, P, Y or S most preferably Q or N

K82A,C,D,E,F,GGH,LL M,N,P,Q,R,S, T, V, Wor Y, preferably H,K, S, E or
R _
P81A,C,D,E,F,GH,LK,L,M,N,Q,R, S, T,V, Wor Y; preferably I, M, F, V, Y,
D,CorA

N87A,C.F,G,H, LK, L, M,P,Q,R,D,E,S, T, V, Wor Y; preferably L, G or A
YINTALNEH T,CD,F,G, LK, L,M,P,Q,R,S,Vor W; preferabiy LF C,Por
S

N87A,C,F,G,H,LK,L,P,Q,S, T, V,Wor Y; preferably L Y, T, Q,S, W,F, Vor P
QI82A,C,D,E,F,GH, LK, L, M,N,P,R, S, T, V, Wor Y, preferably D or K
Y230A,C,D,E,G,H,LK,L,M,N,P,Q,R, S, T, Vor W, preferably W, H,Q, L, P
or C, most preferable T or G

D157A,C,E,F, G, H,LK,L,M,P,Q,R, S, T, V, Wor Y, preferably C

G40L

Y2261

Typically, one or more of the following substitutions are preferred:
318 Y,HorS

N215H

L210G,LH,E,M,S,W,V,A,R,N,D,Qor T

S310A,P, T,H, M,Kor G
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E309S,QorR
H180K or Q
N8ON,RorD
V1i2C

Y30G,L L, S,M, A, R or E, more preferably Y30M, A or R
V290R,E,Hor A
Q289R or N
K22E

G40L

Y179V

M209L, K or M
L211G,Q,KorD

For some embodiments the following substitutions may also be suitable:
K22A or C

P81G

N87M

Y117A,N,E,Hor T

N18i1AorV

Y2301

V290H _

N87R,D,E or M

Q182T

Preferably, the residues modified in order to increase transferase activity from a
galactolipid substrate (DGDG) are one or more of the following:: -318, N215, 1210,
E309, H180, N80.

Typically, one or more of the following substitutions are preferred:

-318 Y, H or S, most preferably Y
N215H
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L210D,Qor T
E309Qor R
H180K or Q
NSON,RorD

3. A modificiation at one or more of the following residues may résult in a variant
enzyme having an increased transferase activity Tpg relative to the hydrolytic
activity Hpg on DG:

Y230, S310, H180, Q289, G40, N88, Y179, N215, 1210, N80, Y30X (where X is
selected from A, C, D, E,G, H, LK, L, M\, N, P, Q, R, S, T, V, or W), N87, M209,
R211, S18X (where X is specifically selected from A, C,D,E,F,H, LK, L, M, N, P,
Q. R, T, WorY).

Preferably, one or more of the following modifications may result in a variant enzyme
having an increased transferase activity Tpg relative to the hydrolytic activity Hpg on
DG: '

Y230A,C,D,E,G,H LK, L,M,N,P,Q,R, S, Tor W, preferably W, H, Q, L, P or
C

S310A,C,D,E,F,G, H,LK,L,M,N,Q,R, T, V, Wor Y, preferably F, Y, C, L, K
or P

Y179A,C,D,E, F,G,H,LK,L,M,N,P,Q, S, T, V, or W, preferably F, C, H, I, L,
M,PorW

H180A,C,D,E,F,G,LK,L,M,P,Q,R, S, V, Wor Y, preferably M, F or C
Q289A,C,E,F,G H,LLK,L,M,N,P,R,S, V, Wor Y; preferably F, W, H, 1, Y, L,
D,C,K,V.E,GorP

G40A,C,D,E,F, L LK, M,N,P,R, S, T, W or Y; preferably , P, Wor Y

N8BA, C,D,E,F,G,H, LK, L, M,P,Q,R, S, T,Vor Y; preferably L or H
N87A,C,E,F,G,H,LK,L,M,P,Q,S,T,V,Wor Y; preferably, Y, T, Q,S, W, F,
VorP
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Typically, one or more of the following substitutions are preferred (such variant
enzymes may have a decreased hydrolytic activity (galactolipid and/or phospholipids)
and/or an increased tranferase activity from galactolipid:

Y179E,R,Nor Q
N215G |

1210D,H,R,E, A, Q,P,N,K,G,R, T, W, Vor S
NS0G '
Y30L

N87G

Typically, one or more of the following substitutions are preferred (such variant
enzymes may have a decreased hydrolytic activity (galactolipid and/or phospholipids)
whilst retaining significant tranferase activity from galactolipid:

Y179E,R,N, Q
N215G

1210D,H,R,E, A, Q,P,N,K,G,R, T, W, I, Vand S
N80 G

Y30L

N87 G

H1801, T

M209 Y

R211D, T and G

S18G,Mand T

G40 Rand M

N88 W

N87C,D,R,Eand G

4. Modification of one or more of the following residues may result in a variant

enzyme having an increased absolute transferase activity against phospholipid:
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S3, D157, 8310, E309, Y179, N215, K22, Q289, M23, H180, M209, L210, R211, P81,
V112, N80, L82, N88; N8§7

Specific modifications which may provide a variant enzyme having an improved
transferase activit.y from a phospholipid may be selected from one or more of the
following:

S3A,C,D,E,F,G,H, LK, L M,N,P,Q,R, T, V, Wor Y; preferably N, E,K, R, A,
P or M, most preferably S3A

DIS7TA,C,EF,GGH L LK,LLM,N,P,Q,R, S, T, V, Wor Y ; preferably D157S, R,
E,N,G, T,V,Q,KorC

S310A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, T, V, Wor Y; preferably S310T
-318E

E309A,C,D,E,F,G,H, LK, L, M,N,P,Q,R, T, V, W or Y; preferably E309 R, E,
L,RorA

Y179A,C,D,E,F,G,H, LK, L, M,N,P,Q,R, S, T, Vor W; preferably Y179 D, T,
E,R,N, V,K, QorS, more preferably E, R, N, V, K or Q

N215A,C,D,E,F,G,H, LK, L,M,P,Q,R, S, T, V, Wor Y; preferably N215 S, L,
RorY

K2A,C,D,E,F,G,H,LL,M,N,P,Q,R, S, T, V, Wor Y; preferably K22 E, R, C
or A

Q289A,C,D,E,F,G,H,LK,L, M, N,P,R, S, T, V, W or Y; preferably Q289 R, E,
G,PorN

M23A,C,D,E,F,G,H,LK,LN,P,Q,R,S, T, V, Wor Y; preferably M23 K, Q, L,
G,TorS

H180A,C,D,E,F,G,LK,L,M,P,Q,R, S, T, V, W or Y; preferably H180 Q, Ror K
M209A,C,D,E,F,G, H,LK,L,N,P,Q,R, S, T, V, W or Y; preferably M209 Q, S,
R, AN, Y,E, VorL

L210A,C,D,E,F,G,H,LK,M,N,P,Q,R, S, T, V, W or Y; preferably L210 R, A,
V,S, T,LWorM

R211A,C,D,E,F,G,H,LK,L,M,N,P,Q, S, T, V, W or Y; preferably R211T
P81A,C,D,E,F,G,H,LX,L,M,N, Q,R, S, T, V, W or Y; preferably P81G
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V112A,C,D,E,F,G, H,LK,L,M,N,P,Q,R, S, T, W or Y; preferably V112C
N80A,C,D,E,F,G,H,LK,L,M,P,Q,R, S, T, V, W or Y; preferably N8O R, G, N,
D,P,T,E,V,Aor G

L82A,C,D,E,F,G, H,, M,N,P,Q,R, S, T, V, Wor Y; preferably L82N, S or E
N88A,C,D,E,F,G,H,LK,L,M,P,Q,R, S, T, V, W or Y; preferably N88C
N87A,C,D,E,F,G,H, L K,L,M,P,Q,R, S, T, V, Wor Y; preferably N8§7M or G

Modification of one or more of the following residues results in a variant enzyme

having an increased absolute transferase activity against phospholipid:

S3N,R,A, G
M23K,Q,L,G,T,S
H180R

L82G
Y179E,R,N,V,KorQ
E309R,S,LorA

S. Residues the modification of which results in an increased transferase activity
from a galactolipid substrate (DGDG) and an increase in ratio of galactolipid
transferase compared to phospholipid transferase activity include one or more of: -
318, N215, L210, S310, E309, H180, N80, V112, Y30X (where X is selected from A,
C.D,EGHLKLMN,P,QR,S, T, V,or W), V290, Q 289, K22, G40, Y179,
M209, L211, K22, P81, N87, Y117, N181, Y230X (where X is selected from A, C, D,
E.GHLK,LMN,P,QR,S,T,V, or W), Q182.

Typically, one or more of the following substitutions are preferred:
-318 Y,HorS

N215H

L210G, LH,ELM,S, W, V,A/R,N,D,Qor T

S310A,P, T,H,M,Kor G

E309S,A,QorR

H180K or Q
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N80N, RorD

Vii2C

Y30G, 1, L, S, M, A, R or E , more preferably Y3 OM,AorR
V290R,E,Hor A

Q289R or N '

K22E

G40L

Y179V

M209L, K or M

1211G,Q,KorD

For some embodiments the following substitutions may also be suitable:
K22A or C

P81G

N87M

Y117A,N,E,Hor T

Ni18lAorV

Y2301

V290H

N87R,D,EorM

Q182T

Preferably, the residues modified in order to increase transferase activity from a
galactolipid substrate (DGDG) and/or increase the ratio of galactolipid transferase
compared to phospholipid transferase activity are one or more of the following:: -318,
N215, 1210, E309, H180, N80.

Typically, one or more of the following substitutions are preferred:
-318 Y, H or S, most preferably Y

N215H
L210D,Qor T



10

15

20

25

30

WO 2005/066347 PCT/1B2004/004378

44

E309Qor R
H180K or Q
NSON,R or D

6. The following wildtype residues of P10480 have been found to be preferable

for retaining good activity, particularly good transferase activity from a

galactolipid:
W111,R211,N181, S3,L17, G40, N88, Y117, L118, N181, K22, M209, M285, M23
Preferably, these residues are retained in the variant enzyme.

When making variant GDSx acyl-transferases for increased activity transferase from
galactolipid substrates, where the parent enzyme has a residue corresponding .to
residues of the P10480 sequence at positions W111, R211, N181, S3, L17, G40, N88,
Y117, L1138, N181, K22, M209, M285, M23 other than the residue found in P10480
the variant may preferably contain a substitution at the corresponding position to

include the amino acid residue found in the P10480 sequence.
L17 is preferably a hydrophobic amino acid residue

7. The following combinations may have an increased transferase activity from a
galactolipid substrate (DGDG) and/or amn increase in ratio of galactolipid

transferase activity compared to phospholipid transferase activity

N215H & -318Y

N215H & L210D, Q,or T

-318Y & L.210,D, Q,or T

N215H & -318Y & L210D, Q,or T

The above combinations may optionally also include a C-terminal amino acid addition,
suchas-318Y, H or S, or preferably -318Y.
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The above combinations may optionally also include the following modification:

Suitably one or more of the following combinations may have an increased transferase
activity from a galactolipid substrate (DGDG) and/or an increase in ratio of
galactolipid transferase activity compared to phospholipid transferase activity:

E309A, QorR.

N215H & -318Y, H, or S, preferably Y.

L210D, Qor T & -318Y, H, or S, preferably Y.

N215H & E309A, QorR '

L210D, Qor T & E309A, QorR

-318Y & E309A, QorR

The above combinations may optionally also include a substitution at position Q182,
preferably Q182K.

The following combinations may have an increased tramsferase activity from a
galactolipid substrate (DGDG) and/or an increase in ratio of galactolipid transferase
activity compared to phospholipid transferase activity, and/or an increase in ratio of

galactolipid transferase compared to hydrolytic activity:

N215H & N80G
-318Y & N80G
L210D or Q & N80G
N215H & N88N
-318Y & N8SN
L210D or Q & N88N

- N215H & Y30L

-318Y & Y30L
L210D or Q & Y30L
N215H & N87G
-318Y & N87G
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L.210D or Q & N87G

N215H & Y179E, R, N or Q
318Y & Y179 E, R, Nor Q
1210D or Q & Y179 E, R, N or Q

As noted above, when referring to specific amino acid residues herein the numbering
is that obtained from alignment of the variant sequence with the reference sequence
shown as SEQ ID No. 2.

For the avoidance of doubt, when a particular amino acid is taught at a specific site, for
instance 1118 for instance, this refers to the specific amino acid at residue number 118
in SEQ ID No. 2. However, the amino acid residue at site 118 in a different parent

enzyme may be different from leucine.

Thus, when taught to substitute an amino acid at residue 118, although reference may
be made to L118 it would be readily understood by the skilled person that when the
parent enzyme is other than that shown in SEQ ID No. 2, the amino acid being
substituted may not be leucine. It is, therefore, possible that when substituting an
amino acid sequence in a parent enzyme which is not the enzyme having the amino
acid sequence shown as SEQ ID No. 2, the new (substituting) amino acid may be the
same as that taught in SEQ ID No. 2. This may be the case, for instance, where the
amino acid at say residue 118 is not leucine and is, therefore different from the amino
acid at residue 118 in SEQ ID No. 2. In other words, at residue 118 for example, if the
parent enzyme has at that position an amino acid other than leucine, this amino acid

may be substituted with leucine in accordance with the present invention.

The term “lipid acyltransferase” as used herein means an enzyme which has
acyltransferase activity (geperally classified as E.C. 2.3.1.x in accordance with the
Enzjme Nomenclature Recommendations (1992) of the Nomenclature Committee of
the International Union of Biochemistry and Molecular Biology), whereby the enzyme

is capable of transferring an acyl group from a lipid to one or more acceptor substrates,
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such as one or more of the following: a sterol; a stanol; a carbohydrate; a protein; a

protein subunit; glycerol.

Preferably the lipid acyltransferase is capable of transferring an acyl group from a lipid
to at least a sterol and/or a stanol, for example to cholesterol.

Preferably, the lipid acylﬁansferase variant according to the present invention and/or
for use in the methods and/or uses of the present invention is capable of transferring an
acyl group from a lipid (as defined herein) to one or more of the following acyl
acceptor substrates: a sterol, a stanol, a carbohydrate, a protein or subunits thereof, or a

glycerol.

For some aspects the “acyl acceptor” according to the present invention may be any
compound comprising a hydroxy group (-OH), such as for example, polyvalent
alcohols, including glycerol; sterol; stanols; carbohydrates; hydroxy acids including
fruit acids, citric acid, tartaric acid, lactic acid and ascorbic acid; proteins or a sub-unit
thereof, such as amino acids, protein hydrolysates and peptides (partly hydrolysed:
protein) for example; and mixtures and derivatives thereof. Preferably, the “acyl -

acceptor” according to the present invention is not water.
p

In one embodiment, the acyl acceptor is preferably not a monoglyceride and/or a

diglyceride.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to a sterol and/or a stanol.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to a carbohydrate.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to a protein or a subunit thereof. Suitably the protein subunit may be one
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or more of the following: an amino acid, a protein hydrolysate, a peptide, a dipeptide,
an oligopeptide, a polypeptide.

Suitably in the protein or protein subunit the acyl acceptor may be one or more of the
following constituents of the protein or protein subunit: a serine, a threonine, a

tyrosine, or a cysteine.

When the protein subunit is an amino acid, suitably the amino acid may be any
suitable amino acid. Suitably the amino acid may be one or more of a serine, a

threonine, a tyrosine, or a cysteine for example.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to glycerol.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to a hydroxy acid.

In one aspect, preferably the variant enzyme is capable of transferring an acyl group
from a lipid to a polyvalent alcohol.

In one aspect, the variant lipid acyltransferase may, as well as being able to transfer an
acyl group from a lipid to a sterol and/or a stanol, additionally be able to transfer the
acyl group from a lipid to one or more of the following: a carbohydrate, a protein, a

protein subunit, glycerol.

Preferably, the lipid substrate upon which the variant lipid acyltransferase according to
the present invention acts is one or more of the following lipids: a phospholipid, such
as a lecithin, e.g. phosphatidylcholine, a triacylglyceride, a cardiolipin, a diglyceride,
or a glycolipid, such as digalactosyldiglyceride (DGDG) or monogalactosyldiglyceride
(MGDG) for example. More preferably, the variant enzyme according to the present
invention acts on one or both of DGDG and MGDG. Preferably, the variant enzyme
according to the present invention has no (or has only limited) activity on



10

15

20

25

30

WO 2005/066347 PCT/IB2004/004378

49

digalactosylmonoglyceride (DGMG) and monogalactosylmonoglyceride (MGMG).
Thus preferably the lipid substrate is not one or both of DGMG or MGMG. This lipid
substrate may be referred to herein as the “lipid acyl donor”. The term lecithin as used
herein encompasses phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine and phosphatidylglycerol.

The term “galactolipid” as used herein means one or more of DGDG or DGMG.
The term “phospholipid” as used herein. means lecithin, including phosphatidylcholine.

The term “polar lipid” as used herein means a phospholipids and/or a galactolipid,
preferably a phospholipids and a galactolipid.

For some aspects, preferably the lipid substrate upon which the variant lipid
acyltransferase acts is a phospholipid, such as lecithin, for example

phosphatidylcholine.

For some aspects, preferably the lipid substrate is a glycolipid, such as DGDG or
MGDG for example.

Preferably the lipid substrate is a food lipid, that is to say a lipid component of a
foodstuff.

For some aspects, preferably the variant lipid acyltransferase according to the present
invention is incapable, or substantially 1ncapable, of acting on a triglyceride and/or a 1-

monoglyceride and/or 2-monoglyceride.

Suitably, the lipid substrate or lipid acyl donor may be one or more lipids present in
one or more of the following substrates: fats, including lard, tallow and butter fat; oﬂs
including oils extracted from or derived from palm oil, sunflower oil, soya bean oil,
safflower oil, cotton seed oil, ground nut oil, corn oil, olive oil, peanut oil, coconut oil,

and rape seed oil. Lecithin from soya, rape seed or egg yolk is also a suitable lipid
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substrate. The lipid substrate may be an oat lipid or other plant based material

containing galactolipids.

In one aspect the lipid acyl donor is preferably lecithin (such as phosphatidylcholine)
in egg yolk.

For some aspects of the present invention, the lipid' may be selected from lipids having
a fatty acid chain length of from 8 to 22 carbons.

For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of from 16 to 22 carbons, more preferably of from 16 to 20

carbons.

For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of no greater than 14 carbons, suitably from lipids having a
fatty acid chain length of from 4 to 14 carbons, suitably 4 to 10 carbons, suitably 4 to 8

carbons.

Suitably, the variant lipid acyltransferase according to the present invention may
exhibit one or more of the following lipase activities: glycolipase activity (E.C.
3.1.1.26), triacylglycerol lipase activity (E.C. 3.1.1.3), phospholipase A2 activity (E.C.
3.1.1.4) or phospholipase A1l activity (E.C. 3.1.1.32). The term “glycolipase activity”

as used herein encompasses “galactolipase activity”.

Suitably, the variant lipid acyltransferase according to the present invention may have
at Jeast one or more of the following activities: glycolipase activity (E.C. 3.1.1.26)
and/or phospholipase Al activity (E.C. 3.1.1.32) and/or phospholipase A2 activity
(E.C.3.1.14).

For some aspects, the variant lipid acyltransferase according to the present invention
may have at least glycolipase activity (E.C. 3.1.1.26).
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Suitably, for some aspects the variant lipid acyltransferase according to the present
invention may be capable of transferring an acyl group from a glycolipid and/or a
phospholipid to one or more of the following acceptor sﬁbstrates: a sterol, a stanol, a
carbohydrate, a protein, glycerol.

For some aspects, preferably the variant lipid acyltransferase ziccording to the present
invention is capable of transferring an acyl group from a glycolipid and/or a
phospholipid to a sterol and/or a stanol to form at least a sterol ester and/or a stanol

ester.

For some aspects, preferably the variant lipid acyltransferase according to the present
invention is capable of transferring an acyl group from a glycolipid and/or a

phospholipid to a carbohydrate to form at least a carbohydrate ester.

For some aspects, preferably the variant lipid acyltransferase according to the present
invention is capable of transferring an acyl group from a glycolipid and/or a
phospholipid to a protein to form at least protein ester (or a protein fatty acid

condensate).

For some aspects, preferably the variant lipid acyltransferase according to the present
invention is capable of transferring an acyl group from a glycolipid and/or a
phospholipid to glycerol to form at least a diglyceride and/or a monoglyceride.

For some aspects, preferably the variant lipid acyltransferase according to the present

invention does not exhibit triacylglycerol lipase activity (E.C. 3.1.1.3).

In some aspects, the variant lipid acyltransferase may be capable of transferring an
acyl group from a lipid to a sterol and/or a stanol. Thus, in one embodiment the “acyl
acceptor” according to the present invention may be either a sterol or a stanol or a

combination of both a sterol and a stanol.
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In one embodiment suitably the sterol and/or stanol may comprise one or more of the

following structural features:

1) a 3-beta hydroxy group or a 3-alpha hydroxy group; and/or

ii) A:B rings in the cis position or A:B rings in the trans position or Cs-Cg is
unsaturated.

Suitable sterol acyl acceptors include cholesterol and phytosterols, for example alpha-
sitosterol, beta-sitosterol, stigmasterol, ergosterol, 6ampesterol, 5,6-dihydrosterol,
braslsicaSterol, alpha-spinasterol, beta-spinasterol, gamma-spinasterol, deltaspinasterol,
fucosterol, dimosterol, ascosterol, serebisterol, episterol, anasterol, hyposterol,
chondrillasterol, desmosterol, chalinosterol, poriferasterol, clionasterol, sterol

glycosides, and other natural or synthetic isomeric forms and derivatives.

In one aspect of the present invention suitably more than one sterol and/or stanol may
act as the acyl acceptor, suitably more than two sterols and/or stanols may act as the
acyl acceptor. In other words, in one aspect of the present invention, suitably more
than one sterol ester and/or stanol ester may be produced. Suitably, when cholesterol
is the acyl acceptor one or more further sterols or one or more stanols may also act as
the acyl acceptor. Thus, in one aspect, the present invention provides a method for the
in situ production of both a cholesterol ester and at least one sterol or stanol ester in
combination. In other words, the lipid acyltransferase for some aspects of the present
invention may transfer an acyl group from a lipid to both cholesterol and at least one
further sterol and/or at least one stanol.

In one aspect, preferably the sterol acyl acceptor is one or more of the following:

alpha-sitosterol, beta-sitosterol, stigmasterol, ergosterol and campesterol.

In one aspect, preferably the sterol acyl acceptor is cholesterol. When it is the case
that cholesterol is the acyl acceptor for the variant lipid acyltransferase, the amount of
free cholesterol in the foodstuff is reduced as compared with the foodstuff prior to
exposure to the variant lipid acyltransferase and/or as compared with an equivalent
foodstuff which has not been treated with the variant lipid acyltransferase.
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Suitable stanol acyl acceptors include phytostanols, for example beta-sitostanol or ss-

sitostanol.

In one aspect, preferably the sterol and/or stanol acyl acceptor is a sterol and/or a

stanol other than cholesterol.

In some aspects, the foodstuff prepared in accordance with the present invention may
be used to reduce blood serum cholesterol and/or to reduce low density lipoprotein.
Blood serum cholesterol and low density lipoproteins have both been associated with
certain diseases in humans, such as atherosclerosis and/or heart disease for example.
Thus, it is envisaged that the foodstuffs prepared in accordance with the present

invention may be used to reduce the risk of such diseases.

Thus, in one aspect the present invention provides the use of a foodstuff according to
the present invention for use in the treatment and/or prevention of atherosclerosis
and/or heart disease. Thus is one aspect the foodstuff may be considered as a
neutraceutical. '

In a further aspect, the present invention provides a medicament comprising a

foodstuff according to the present invention.

In a further aspect, the present invention provides a method of treating and/or
preventing a disease in a human or animal patient which method comprises
administering to the patient an effective amount of a foodstuff according to the present

invention.

Suitably, the sterol and/or the stanol “acyl acceptor” may be found naturally within the
foodstuff. Alternatively, the sterol and/or the stanol may be added to the foodstuff.
When it is the case that a sterol and/or a stanol is added to the foodstuff, the sterol
and/or stanol may be added before, simultaneously with, and/or after the addition. of
the lipid acyltransferase according to the present invention. Suitably, the present
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invention may encompass the addition of exogenous sterols/stanols, particularly
phytosterols/phytostanols, to the foodstuff prior to or simultaneously with the addition

of the variant enzyme according to the present invention.

For some aspects, one or more sterols present in the foodstuff may be converted to one
or more stanols prior to or at the same time as the variant lipid acyltransferase is added
according to the present invention. Any suitable method for converting sterols to
stanols may be employed. For example, the conversion may be carried out by chemical
hydrogenation for example. The conversion may be conducted prior to the addition of
the varant lipid acyltransferase in accordance with the present invention or
simultaneously with the addition of the variant lipid acyltransferase in accordance with
the present invention. Suitably enzymes for the conversion of sterol to stanols are
taught in WO00/061771.

Suitably the present invention may be employed to produce phytostanol esters in situ
in a foodstuff. Phytostanol esters have increased solubility through lipid membranes,
bioavailability and enhanced health benefits (see for example W(092/99640).

In some embodiments of the present invention the stanol ester and/or the sterol ester
may be a flavouring and/or a texturiser. In which instances, the present invention

encompasses the in sifu production of flavourings and/or texturisers.

In one embodiment, the present invention provides a method of producing a plant
sterol ester and/or stanol ester and lysolecithin in an edible oil (such as a plant oil, such
as soya bean oil for instance) without the formation of free fatty acids by treatment of
the oil with a variant enzyme according to the present invention. In such instances the
lysolecithin so produced may be removed using a degumming process. Any
degumming process may be used, such as one or more of the known degumming
processes. Any free fatty acids can be removed by deodorizing if necessary. Notably,
any stanol/sterol ester produced in the oil is not removed by the deodorizing process.
Thus, the edible oil produced comprises sterol esters and/or stanol esters which may
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have beneficial nutritional and/or nutriceutical effects, such as lowering blood

cholesterol levels.

Suitable oils in which this method could be carried out are those comprising inter alia
lecithin and a sterol/stanol. Suitably, the oil is a crude oil when treated. Suitably, the
edible oil may be one or more of the following: com germ oil, cotton seed oil, linseed
oil, palm oil, peanut oil, rapeseed oil, sesame oil, soybean oil, sunflower oil and wheat

germ oil.

For some aspects of the present invention, the variant lipid acyltransferase according to
the present invention may utilise a carbohydrate as the acyl acceptor. The
carbohydrate acyl acceptor may be one or more of the following: a monosaccharide, a
disaccharide, an oligosaccharide or a polysaccharide. Preferably, the carbohydrate is
one or more of the following: glucose, fructose, anhydrofructose, maltose, lactose,
sucrose, galactose, xylose, xylooligosacharides, arabinose, maltooligosaccharides,

tagatose, microthecin, ascopyrone P, ascopyrone T, cortalcerone.

Suitably, the carbohydrate “acyl acceptor” may be found naturally within the
foodstuff. Alternatively, the carbohydrate may be added to the foodstuff. When it is
the case that the carbohydrate is added to the foodstuff, the carbohydrate may be added
before, simultaneously with, and/or after the addition of the variant lipid

acyltransferase according to the present invention.

Carbohydrate esters can function as valuable emulsifiers in foodstuffs. Thus, when it
is the case that the enzyme functions to transfer the acyl group to a sugar, the invention

encompasses the production of a second in situ emulsifier in the foodstuff.

In some embodiments, the variant lipid acyltransferase may utilise both a sterol and/or

stanol and a carbohydrate as an acyl acceptor.

The utilisation of a variant lipid acyltransferase which can transfer the acyl group to a
carbohydrate as well as to a sterol and/or a stanol is particularly advantageous for
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 foodstuffs comprising eggs. In particular, the presence of sugars, in particular glucose,

in eggs and egg products is often seen as disadvantageous. Egg yolk may comprise up
to 1% glucose. Typically, egg or egg based products may be treated with ghacose
oxidase to remove some or all of this glucose. However, in accordance with the
present invention this unwanted sugar can be readily removed by “esterifying’> the

sugar to form a sugar ester.

For some aspects of the present invention, the variant lipid acyltransferase according to
the present invention may utilise a protein as the acyl acceptor. Suitably, the protein
may be one or more of the proteins found in a food product, for example in a dairy
product and/or a meat product. By way of example only, suitable proteins may be
those found in curd or whey, such as lactoglobulin. Other suitable proteins include
ovalbumin from egg, gliadin, glutenin, puroindoline, lipid transfer proteins from

grains, and myosin from meat.

Preferably, the parent lipid acyltransferase enzyme according to the present invention
may be characterised using the following criteria:
@) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester borad of
a lipid acyl donor is transferred to an acyl acceptor to form a new ester;
and
(i)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, L F, Y,
H,Q, T,N,MorS.

Preferably, X of the GDSX motif is L. Thus, preferably the enzyme according to the

present invention comprises the amino acid sequence motif GDSL.

The GDSX motif is comprised of four conserved amino acids. Preferably, the serine
within the motif is a catalytic serine of the lipid acyltransferase enzyme. Suitably’, the
serine of the GDSX motif may be in a position corresponding to Ser-16 in Aeronzonas
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hydrophila lipolytic enzyme taught in Brumlik & Buckley (Journal of Bacteriology
Apr. 1996, Vol. 178, No. 7, p 2060-2064).

To determine if a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles (HMM

profiles) of the pfam database.

Pfam is a database of protein domain families. Pfam contains curated multiple

.sequence alignments for each family as well as profile hidden Markov models (profile

HMMs) for identifying these domains in new sequences. An introduction to Pfam can
be found in Bateman A ef al. (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
models are used in a number of databases that aim at classifying proteins, for review

see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMedé&list uids
=12230032&dopt=Abstract

httpd/www.ncbi‘.nlm.nih.gov/enn'ez/gueg.fcgj?cmd=Retrieve&db=PubMed&list uids
=11752314&dopt=Abstract

For a detailed explanation of hidden Markov models and how they are applied in the
Pfam database see Durbin R, Eddy S, and Krogh A (1998) Biological sequence
analysis; probabilistic models of proteins and nucleic acids. Cambridge University
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from
Washington University, St Louis, USA. .

Alternatively, the GDSX motif can be identified using the Hammer software package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological-
sequence analysis; probabilistic models of proteins and nucleic acids. Cambridge
University Press, ISBN 0-521-62041-4 and the references therein, and the HMMER?2
profile provided within this specification.
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The PFAM database can be accessed, for example, through several servers which are
currently located at the following websites.

: ‘l.lttp://www.sanger.ac.uk/Soﬂware/Pfam/index.shtml
http://pfam.wustl.edw/

http://pfam.jouy.inra.fi/
hitp://pfam.cgb ki.se/

The database offers a search facility where one can enter a protein sequence. Using the
default parameters of the database the protein sequence will then be analysed for the
presence of Pfam domains. The GDSX domain is an established domain in the
database and as such its presence in any query sequence will be recognised. The
database will return the alignment of the Pfam00657 consensus sequence to the query

sequence.

A multiple alignment, including Aeromonas salmonicida or Aeromonas hydrophila
can be obtained by:
a) manual
obtain an alignment of the protein of interest with the Pfam00657 consensus
sequence and obtain an alignment of P10480 with the Pfam00657 consensus

sequence following the procedure described above;

or

b) through the database
After identification of the Pfam00657 consensus sequence the database offers
the option to show an alignment of the query sequence to the seed alignment of
the Pfam00657 consensus sequence. P10480 is part of this seed alignment and
is indicated by GCAT_AERHY. Both the query sequence and P10480 will be .
displayed in the same window.

The Aeromonas hydrophila reference sequence:
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The residues of Aeromonas hydrophila GDSX lipase are numbered in the NCBI file
P10480, the numbers in this text refer to the numbers given in that file which in the
present invention is used to determine specific amino acids residues which, in a

preferred embodiment are present in the lipid acyltransferase enzymes of the

. invention.

The Pfam alignment was performed (Figure 33 and Figure 34):

The following conserved residues can be recognised and in a preferable embodiment
may be present in the variant enzymes for use in the compositions and methods of the

invention;

Block 1 - GDSX block
hid hid hid hid Gly Asp Ser hid
28 29 30 31 32 33 34 35

Block 2 - GANDY block
hid Gly hid Asn Asp hid
130 131 132 133 134 135

Block 3 - HPT block
His

309

Where 'hid' means a hydrophobic residue selected from Met, lle, Leu, Val, Ala, Gly,
Cys, His, Lys, Trp, Tyr, Phe.

Preferably the parent ahd/or variant lipid acyltransferase enzyme for use in the
compositions/methods of the invention can be aligned using the Pfam00657 consensus

sequence.

Preferably, a positive match with the hidden markov model profile (HMM profile) of
the pfam00657 domain family indicates the presence of the GDSL or GDSX domain

according to the present invention.
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Preferably when aligned with the Pfam00657 consensus sequence the parent and/or

variant lipid acyltransferase for use in the compositions/methods of the invention have |
at least one, preferably more than one, preferably more than two, of the following, a
GDSx block, a GANDY block, a HPT block. Suitably, the parent and/or variant lipid
acyltransferase may have a GDSx block and a GANDY block. Alternatively, the
parent and/or variant enzyme may have a GDSx block and a HPT block. Preferably the

parent and/or variant enzyme comprises at least a GDSx block.

Preferably, when aligned with the Pfam00657 consensus sequence the parent and/or
variant enzyme for use in the compositions/methods of the invention have at least one,
preferably more than one, preferably more than two, preferably more than three,
preferably more than four, preferably more than five, preferably more than six,
preferably more than seven, préferably more than eight, preferably more than nine,
preferably more than ten, preferably more than eleven, preferably more than twelve,
preferably more than thirteen, preferably more than fourteen, of the following amino
acid residues when compared to the reference 4. hydrophilia polypeptide sequence,
namely SEQ ID No. 26: 28hid, 29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid,
130hid, 131Gly, 132Hid, 133Asn, 134Asp, 135hid, 309His

The pfam00657 GDSX domain is a unique identifier which distinguishes proteins

possessing this domain from other enzymes.

The pfam00657 consensus sequence is presented in Figure 1 as SEQ ID No. 1. This is
derived from the identification of the pfam family 00657, database version 6, which
may also be referred to as pfam00657.6 herein.

The consensus sequence may be updated by using further releases of the pfam
database.

For example, Figures 33 and 34 show the pfam alignment of family 00657, from
database version 11, which may also be referred to as pfam00657.11 herein.
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The presence of the GDSx, GANDY and HPT blocks are found in-the pfam family
00657 from both releases of the database. Future releases of the pfam database can be
used to identify the pfam family 00657.

Preferably, the parent lipid acyltransferase enzyme according to the present invention
may be characterised using the following criteria:
Q) the enzyme possesses acyl transferase activity which may be defined as
-ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to acyl acceptor to form a new ester;
(i)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X 1s one or more of the following amino acid residues L, A, V, L F, Y,
H,Q,T,N,MorS,;
(i) the enzyme comprises His-309 or comprises a histidine residue at a o
position comresponding to His-309 in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2 or SEQ ID No. 26).

Preferably, the amino acid residue of the GDSX motif is L.

In SEQ ID No. 26 the first 18 amino acid residues form a signal sequence. His-309 of
the full length sequence, that is the protein including the signal sequence, equates to
His-291 of the mature part of the protein, i.e. the sequence without the signal

sequence.

Preferably, the parent lipid acyltransferase enzyme according to the present invention
comprises the following catalytic triad: Ser-16, Asp-116 and His-291 or comprises a
serine residue, an aspartic acid residue and a histidine residue, respectively, at
positions corresponding to Ser-16, Asp-116 and His-291 in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or at positions corresponding to
Ser-34, Asp-134 and His-309 of the full length sequence shown in Figure 28 (SEQ ID
No. 26). As stated above, in the sequence shown in SEQ ID No. 26 the first 18 amino
acid residues form a signal sequence. Ser-34, Asp-134 and His-309 of the full length
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sequence, that is the protein including the signal sequence, equate to Ser-16, Asp-116
and His-291 of the mature part of the protein, i.c_e. the sequence without the signal
sequence. In the pfam00657 consensus sequence, as given in Figure 1 (SEQ ID No.
1) the active site residues correspond to Ser-7, Asp-157 and His-348.

Preferably, the parent lipid acyltransferase enzyme according to the present invention

may be characterised using the following criteria:

. )] the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a first lipid acyl donor is transferred to an acyl acceptor to form a new
ester; and

(i)  the enzyme comprises at least Gly-14, Asp-15, Ser-16, Asp-116 and

His-191 at positions corresponding to Aeromonas hydrophila enzyme in
Figure 2 (SEQ ID No. 2) which is equivalent to positions Gly-32, Asp-
33, Ser-34, Asp-134 and His-309, respectively, in Figure 28 (SEQ ID
No. 26).

Suitably, the parent lipid acyltransferase enzyme according to the present invention
may be obtainable, preferably obtained, from organisms from one or more of the
following genera: Aeromonas, Corynebacterium, Novosphingobium, Termobifida,
Streptomyces,  Saccharomyces, Lactococcus, Mycobacterium, Streptococcus,
Lactobacillus, Desulfitobacterium, Bacillus, Campylobacter, Vibrionaceae, Xylella,
Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium,

Ralstonia, Xanthomonas and Candida.

Suitably, the parent lipid acyltransferase enzyme according to the present invention
may be obtainable, preferably obtained, from one or more of the following organisms:
Aeromonas  hydrophila, Aeromonas salmonicida, Streptomyces coelicolor,
Streptomyces rimosus, Mycobacterium, Streptococcus pyogenes, Lactococcus lactis,
Streptococcus pyogenes, Streptococcus thermophilus, Lactobacillus- helveticus,
Desulfitobacterium dehalogenans, Bacillus sp, Campylobacter jejuni, Vibrionaceae,

Xylella fastidiosa, Sulfolobus solfataricus, Saccharomyces cerevisiae, Aspergillus
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terreus, Schizosaccharomyces pombe, Listeria innocua, Listeria monocytogenes,
Neisseria meningitidis, Mesorhizobium loti, Ralstonia solanacearum, Xanthomonas
campestris, Xanthomonas axonopodis, Corynebacterium efficens, Novosphingobium

aromaticivorans, Termobifida fusca and Candida parapsilosis.

In one aspect, preferably the parent lipid acyltransferase enzyme: according to the
present invention is obtainable, preferably obtained, from one or more of Aeromonas

hydrophila or Aeromonas salmonicida.

In one aspect, the parent lipid acyltransferase according to the present invention may
be a lecithin:cholesterol acyltransferases (LCAT) or variant thereof (for example a

variant made by molecular evolution)

Suitable LCATSs are known in the art and may be obtainable from one or more of the
following organisms for example: mammals, rat, mice, chickens, Drosophila
melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and

yeast.

Preferably, when carrying out a method according to the present invention the product
(i.e. foodstuff) is produced without increasing or substantially increasing the free fatty
acids in the foodstuff.

The term “transferase” as used herein is interchangeable with the term “lipid

acyltransferase”.

The term “galactolipid transferase activity” as used herein means the ability of the
enzyme to catalyse the transfer of an acyl group from a galactolipid donor to an

acceptor molecule (other than water), such as glycerol for instance.

Likewise, the term “phospholipids transferase activity” as used herein means the
ability of the enzyme to catalyse the transfer of an acyl group from a phospholipids

donor to an acceptor molecule (other than water), such as glycerol for instance.
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The term “an increased ratio of galactolipase transferase activity compared with
phospholipid transferase activity” as used herein means the variant enzyme when
compared with the parent enzyme is able to catalyse galactolipid transferase at a higher
rate compared with phospholipid transferase. This may mean that both galactolipid
transferase activity and phospholipid transferase activity are increased compared with
the parent enzyme or that galactolipid transferase activity is increased whilst
phospholipid transferase activity is decreased compared with the parent enzyme. It is
the final relation between the two activities which is important.

Suitably, the lipid acyltransferase as defined herein catalyses one or more of the

following reactions: interesterification, transesterification, alcoholysis, hydrolysis.

The term “interesterification” refers to the enzymatic catalysed transfer of acyl groups

between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl

group.

The term “transesterification” as used herein means the enzymatic catalysed transfer of
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other
than water).

As used herein, the term “alcobolysis™ refers to the enzymatic cleavage of a covalent
bond of an acid derivative by reaction with an alcohol ROH so that one of the products
combines with the H of the alcohol and the other product combines with the OR group
of the alcohol.

As used herein, the term “alcohol” refers to an alkyl compound containing a hydroxyl
group.

As used herein, the term “hydrolysis” refers to the enzymatic catalysed transfer of an
acyl group from a lipid to the OH group of a water molecule. Acyl transfer which
results from hydrolysis requires the separation of the water molecule.
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The term “galactolipid hydrolytic activity” as used herein means the the ability of the
enzyme to catalyse the hydrolysis of a galactolipid by transferring an acyl group from
the galactolipid to the OH group of a water molecule.

Similarly, the term “phospholipid hydrolytic activity” as used herein means the the
ability of the enzyme to catalysé the hydrolysis of a phospholipid by transferring an
acyl group from the phospholipid to the OH group of a water molecule.

The term “an increased ratio of galactolipase transferase activity compared with
galacolipid hydrolysis activity” as used herein means the variant enzyme when
compared with the parent enzyme is able to catalyse galactolipid transferase at a higher
rate compared with galactolipid hydrolysis. This may mean that both galactolipid
transferase activity and galactolipid hydrolysis activity are increased compared with
the parent enzyme or that galactolipid transferase activity is increased whilst
galactolipid hydrolysis activity is decreased compared with the parent enzyme. It is
the final relation between the two activities which is important.

The term “without increasing or without substantially increasing the free fatty acids”
as used herein means that preferably the lipid acyl transferase according to the present
invention has 100% transferase activity (i.e. transfers 100% of the acyl groups from an
acyl donor onto the acyl acceptor, with no hydrolytic activity); however, the enzyme
may transfer less than 100% of the acyl groups present in the lipid acyl donor to the
acyl acceptor. In which case, preferably the acyltransferase activity accounts for at
least 5%, more preferably at least 10%, more preferably at least 20%, more preferably
at least 30%, more preferably at least 40%, more preferably 50%, more preferably at
least 60%, more preferably at least 70%, more preferably at least 80%, more
preferably at least 90% and more preferably at least 98% of the total enzyme activity.
The % transferase activity (i.e. the transferase activity as a percentage of the total
enzymatic activity) may be determined by the following protocol:

Protocol for the determination of % acyltransferase activity:
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A foodstuff to which a lipid acyltransferase according to the present invention has
been added may be extracted following the enzymatic reaction with CHCl;:CH;0H
2:1 and the organic phase containing the lipid material is isolated and analysed by
GLC according to the procedure detailed hereinbelow. From the GLC analysis (and if
necessary HPLC analysis) the amount of free fatty acids and one or more of
sterol/stanol  esters; carbohydrate esters, protein esters; diglycerides; or
monoglycerides are determined. A control foodstuff to which no enzyme according to
the present invention has been added, is analysed in the same way.

Calculation:

From the results of the GLC (and optionally HPLC analyses) the increase in free fatty
acids and sterol/stanol esters and/or carbohydrate esiers and/or protein esters and/or
diglycerides and/or monoglycerides can be calculated:

A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control); Mv fatty acid =
average molecular weight of the fatty acids;

A = A % sterol ester/Mv sterol ester (where A % sterol ester = % sterol/stanol
ester(enzyme) - % sterol/stanol ester(control) and Mv sterol ester = average molecular
weight of the sterol/stanol esters) — applicable where the acyl acceptor is a sterol
and/or stanol;

B = A % carbohydrate ester/Mv carbohydrate ester (where A % carbohydrate ester = %
carbohydrate ester(enzyme) - % carbohydrate ester(control) and Mv carbohydrate ester
= average molecular weight of the carbohydrate ester) - applicable where the acyl
acceptor is a carbohydrate;

C = A % protein ester/Mv protein ester (where A % protein ester = % protein
ester(enzyme) - % protein ester(control) and Mv protein ester = average molecular
weight of the protein ester) — applicable where the acyl acceptor is a protein; and

D = absolute value of diglyceride and/or monoglyceride/Mv di/monoglyceride (where
A% diglyceride and/or monoglyceride = % diglyceride and/or monoglyceride
(enzyme) - % diglyceride and/or monoglyceride (control) and Mv di/monoglyceride =
average molecular weight of the diglyceride and/or monoglyceride) — applicable where

the acyl acceptor is glycerol.
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The transferase activity is calculated as a percentage of the total enzymatic activity:

% transferase activity = A*+B*+C*+D* x100 :
A* + B* + C* + D*+A % fatty acid/(Mv fatty acid)

* - delete as appropriate.

The amino acids which fall within the terms “non-polar”, “polar — uncharged”, “polar
— charged” are given in the table below, as are the amino acids falling within the terms
“aliphatic” and “aromatic”. The term “polar” refers to both “polar — uncharged” and

“polar — charged™ amino acids.

ALIPHATIC Non-polar GAP

ILV
Polar — uncharged CSTM
NQ
Polar — charged DE
KR
AROMATIC HFWY
GLC analysis

Perkin Elmer Autosystem 9000 Capillary Gas Chromatograph equipped with WCOT
fused silica column 12.5 m x 0.25 mm ID x 0.1 p film thickness 5% phenyl-methyl-
silicone (CP Sil 8 CB from Chrompack).

Carrier gas: Helium.

Injector. PSSI cold split injection (initial temp 50°C heated to 385°C), volume 1.0l
Detector FID: 395°C

Oven program: 1 2 3

Oven temperature, °C. 90 280 350

Isothermal, time, min. 1 0 10
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Temperature rate, °C/min. 15 4

Sample preparation: 30 mg of sample was dissolved in 9 ml Heptane:Pyridin, 2:1
containing internal standard heptadecane, 0.5 mg/ml. 300ul sample solution was
transferred to a crimp vial, 300 pl MSTFA (N-Methyl-N-trimethylsilyl-
trifluoraceamid) was added and reacted for 20 minutes at 60°C.

Calculation: Response factors for mono-di-triglycerides and free fatty acid were
determined from Standard 2 (mono-di-triglyceride), for Cholesterol, Cholesteryl

palmitate and Cholesteryl stearate the response factors were determined from pure

reference material (weighing for pure material 10mg).
TECHNICAL EFFECTS

The present invention may provide one or more of the following unexpected technical
effects in egg products, particularly mayonnaise: an improved heat stability during

pasteurisation; improved organoleptic properties, an improved consistency.

Variant enzymes with increased phospholipid transferase activity, particularly with
increased tranferase activity between a phospholipid and a sterol and/or stanol, such as
cholesterol, may be particularly useful in methods for producing lysophospholipids
and/or for enzymatic degumming of edible oils and/o_r for the production of egg
products with improved emulsification properties and/or heaith benefits.

For use in methods of enzymatic degumming, variants with an increased absolute
phospholipid transferase to sterol activity are preferred.

Suitably, the present invention may provide one or more of the following unexpected
technical effects in egg or in egg products: improved stability of emulsion; thermal
stability of emulsion; improved flavour; reduced mal-odour; improved thickening

properties, improved consistency.
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The present invention may provide one or more of the following unexpected technical
effects in dough and/or baked products: an improved specific volume of either the
dough or the baked products (for example of bread and/or of cake); an improved
dough stability; an improved crust score (for example a thinner and/or crispier bread
crust), an improvéd crumb score (for example a more homogenous crumb distribution
and/or a finer crumb structure and/or a softer crumb); an improved appearance (for
example a smooth surface without blisters or holes or substantially without blisters or

holes); a reduced staling; an enhanced softness; an improved odour; an improved taste.

Suitably, the present invention may provide one or more of the following unexpected
technical effects in a foodstuff: an improved appearance, an improved mouthfeel, an
improved stability, in particular an improved thermal stability, an improved taste, an

improved softness, an improved resilience, an improved emulsification.

Suitably, the present invention may provide one or more of the following unexpected
technical effects in dairy products, such as ice cream for example: an improved
mouthfeel (preferably a more creamy mouthfeel); an improved taste; an improved

meltdown.

Specific technical effects associated with the use of a lipid acyltransferase as defined
herein in the preparation of a foodstuff are listed in the table below:

Foodstuff Effect
1 Strengthens dough and increases mechanical
Bread, Muffins  and|resistance and increases water absorption capacity
Doughnuts and/or increases volume of bakery products and
maintains softness of crumb and/or reduces
blisters on the bread surface.
2 | Frozen dough Prevents spoiling during refrigeration
3 | Sponge cake Makes good cake volume and/or a uniform soft
texture
4 | Biscuit, cracker and | Makes stable emulsions of fat and/or prevents
cookie stickiness to the machine and/or prevents
blooming of high fat products
5 | Batter and breading Improves texture of fried products.
6 | Noodles Prevents dough from sticking to the machine
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and/or increases water content, and/or decreases
cooking loss

7 | Instant noodles Prevent noodles form adbering to each other

8 | Pasta Dough conditioner prevents adhesion on
cooking.

9 | Custard cream Makes starch paste with a smooth and creamy
texture, and/or prevents dehydration.

10 | Coffee whitener Prevent oil and water separation

11 | Whipping cream Provides stable emulsion

12 | Chocolate Prevents or reduced blooming

13 | Caramel, candy and | Improves emulsification of molten sugar and oil

nougat and/or prevents separation of oil.

1 | Processed meat, | Improves water holding capacity of sausages and

4 | sausages pressed ham, and/or prevents separation of oil
phase of pastes and paté.

Suitably, the present invention may provide one or more of the following unexpected
technical effects in cheese: a decrease in the oiling-off effect in cheese; an increase in
cheese yield; an improvement in flavour; a reduced mal-odour; a reduced “soapy”

taste.

In one aspect, the present invention is based in part on the realisation that yields of
foods — such as cheese - may be improved by the use of a lipid acyl transferase. In
addition or alternatively, the flavour, texture, oxidative stability and/or shelf life of the
food may be improved. In addition or alternatively, the food may have a reduced

cholesterol level or enhanced content of phytosterol/stanol esters.

The present invention in one aspect may provide a food additive composition

comprising a lipid acyl transferase as defined herein.

The present invention may in another aspect provide a cosmetic composition

comprising a lipid acyl transferase as defined herein.

In addition, the present invention may provide the use of an acyltransferase as defined

herein to produce a cosmetic composition.
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ADVANTAGES

Variant transferases of the present invention have one or more of the following

advantageous properties compared with the parent enzyme:

1) an increased activity on polar lipids and/or an increased activity on polar lipids

compared to triglycerides.

if) an increased activity on galactolipids (glycolipids), such as one or more of
digalactosyl diglyceride (DGDG) and/or monogalactosyl diglyceride (MGDG).

iii) an increased ratio of activity on galactolipids (glycolipids) compared to either

phospholipids and/or triglycerides

Preferably variant transferases of the invention have increased activity on digalactosyl

diglyceride (DGDG) and/or monogalactosyl diglyceride (MGDG).

Preferably variant transferases of the present invention bas increased activity on

DGDG and/or MGDG and decreased activity on DGMG and/or MGMG.

The variant transferases of the invention may also have an increased activity on

triglycerides.

The variant transferases of the invention may also have an increased activity on

phospholipids, such as lecithin, including phosphatidyl choline.

Variant transferases of the present invention may have decreased activity on

triglycerides, and/or monoglycerides and/or diglycerides.

The term polar lipid refers to the polar lipids usually found in a dough, preferably
galactolipids and phospholipids.
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When used in preparation of a dough or baked product the variant transferase of the
invention may result in one or more of the following unexpected technical effects in
dough and/or baked products: an improved specific volume of either the dough or the
baked products (for example of bread and/or of cake); an improved dough stability; an
improved crust score (for example a thinner and/or crispier bread crust), an improved
crumb score (for example a more homogenous crumb distribution and/or a finer crumb
structure and/or a softer crumb); an improved appearance (for example a smooth
surface without blisters or holes or substantially without blisters or holes); a reduced

staling; an enhanced softness; an improved odour; an improved taste.

ISOLATED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in an isolated form. The term “isolated” means that the sequence is at least
substantially free from at least one other component with which the sequence is

naturally associated in nature and as found in nature.

PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in a purified form. The term “purified” means that the sequence is in a relatively pure
state — e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at
least about 90% pure, or at least about 95% pure or at least about 98% pure.

CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE
ACCORDING TO THE PRESENT INVENTION

A nucleotide sequence encoding either a polypeptide which has the specific properties
as defined herein or a polypeptide which is suitable for modification may be isolated
from any cell or organism producing said polypeptide. Various methods are well

known within the art for the isolation of nucleotide sequences.
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For example, a genomic DNA and/or cDNA library may be cobstructed using
chromosomal DNA or messenger RNA from the organism producing the polypeptide.
If the amino acid sequence of the polypeptide is known, labelled oligonucleotide
probes may be synthesised and used to identify polypeptide-encoding clones from the
genomic library prepared from the organism. Alternatively, a labelled oligonucleotide
probe containing sequences homologous to another known polypeptide gene could be
used to identify polypeptide-encoding clones. In the latter case, hybridisation and

washing conditions of lower stringency are used.

Alternatively, polypeptide-encoding cloﬁes could be identified by inserting fragments
of genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA library, and then plating the
transformed bacteria onto agar containing an enzyme inhibited by the polypeptide,
thereby allowing clones expressing the polypeptide to be identified.

In a yet further alternative, the nucleotide sequence encoding the polypeptide may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite
method described by Beucage S.L. et al (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes et al (1984) EMBO J. 3, p 801-805. In the
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA
synthesiser, purified, annealed, ligated and cloned in appropriate vectors.

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed
synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by ligating
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with
standard techniques. Each ligated fragment corresponds to various parts of the entire
nucleotide sequence. The DNA sequence may also be prepared by polymerase chain
reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in
Saiki R K ez al (Science (1988) 239, pp 487-491).



10

15

20

25

30

WO 2005/066347 PCT/1B2004/004378

74

NUCLEOTIDE SEQUENCES

The present invention also encompasses nucleotide sequences encoding polypeptides

" having the specific properties as defined herein. The term “nucleotide sequence” as used

herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant,
homologues, fragments and derivatives thereof (such as portions thereof). The nucleotide -
sequence may be of genomic or synthetic or recombinant origin, which may be double-

stranded or single-stranded whether representing the sense or antisense strand.

‘The term "nucleotide sequence” in relation to the present invention includes genomic

DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
cDNA for the coding sequence.

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having
the specific properties as defined herein does not cover the native nucleotide sequence in
its natural environment when it is linked to its naturally associated sequence(s) that is/are
also in its/their natural environment. For ease of reference, we shall call this p;eferred
embodiment the “non-native nucleotide sequence”. In this regard, the term "native
nucleotide sequence" means an entire nucleotide sequence that is in its native
environment and when operatively linked to an entire promoter with which it is naturally
associated, which promoter is also in its native environment. Thus, the polypeptide of the
present invention can be expressed by a nucleotide sequence in its native organism but
wherein the nucleotide sequence is not under the control of the promoter with which it is

naturally associated within that organism.

Preferably the polypeptide is not a native polypeptide. In this regard, the term "native
polypeptide” means an entire polypeptide that is in its native environment and when it has
been expressed by its native nucleotide sequence.

Typically, the nucleotide sequence encoding polypeptides having the specific
properties as defined herein is prepared using recombinant DNA techniques (i.e.

recombinant DNA). However, in an alternative embodiment of the invention, the
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nucleotide sequence could be synthesised, in whole or in part, using chemical methods
well known in the art (see Caruthers MH et al (1980) Nuc Acids Res Symp Ser 215-23

‘and Horn T et al (1980) Nuc Acids Res Symp Ser 225-232).

MOLECULAR EVOLUTION

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga er al (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences
is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described above, one can introduce
mutations randomly for instance using a commercial kit such as the GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from
Clontech. EP 0 583 265 refers to methods of optimising PCR based mutagenesis,
which can also be combined with the use of mutagenic DNA analogues such as those
described in EP O 866 796. Error prone PCR technologies are suitable for the
production of variants of lipid acyl transferases with preferred. characterisitics.
WO00206457 refers to molecular evolution of lipases.

A third method to obtain novel sequences is to fragment non-identical nucleotide
sequences, either by using any number of restriction enzymes or an enzyme such as
Dnase 1, and reassembling full nucleotide sequences coding for functional proteins.
Alternatively one can use one or multiple non-identical nucleotide sequences and

introduce mutations during the reassembly of the full nucleotide sequence. DNA
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shuffling and family shuffling technologies are suitable for the production of variants
of lipid acyl transferases with preferred characteristics. Suitable methods for
performing >'shuﬁ‘]ing' can be found in EP0 752 008, EP1 138 763, EP1 103 606.
Shuffling can also be combined with other forms of DNA mutagenesis as described in
US 6,180,406 and WO 01/34835.

Thus, it is possible to produce numerous site directed or random mutations into a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved
functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, molecular evolution can be performed where the variant produced retains
very low homology to known enzymes or proteins. Such variants thereby obtained
may have significant structural analogy to known transferase enzymes, but have very
low amino acid sequence homology.

As a non-limiting example, In addition, mutations or natural variants of a
polynucleotide sequence can be recombined with eithér the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.

The application of the above-mentioned and similar molecular evolution methods
allows the identification and sé]ection of variants of the enzymes of the present
invention which have preferred characteristics without any prior knowledge of protein
structure or function, and allows the production of non-predictable but beneficial
mutations or variants. There are numerous examples of the application of molecular
evolution in the art for the optimisation or alteration of enzyme activity, such examples
include, but are pot limited to one or more of the following: optimised expression
and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate
and/or product specificity, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in preferred environmental conditions, e.g.
temperature, pH, substrate
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As will be apparent to a person skilled in the art, using molecular evolution tools an

enzyme may be altered to improve the functionality of the enzyme.

Suitably, the lipid acyltransferase used in the invention may be a variant, i.e. may
contain at least one amino acid substitution, deletion or addition, when compared to a
parental enzyme. Variant enzymes retain at least 25%, 30%, 40%, 50 %, 60%, 70%,
80%, 90%, 95%, 97%, 99% homology with the parent enzyme. Suitable parent
enzymes may include any enzyme with esterase or lipase activity. Preferably, the
parent enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipid acyliransferase enzyme retains or
incorporates at least one or more of the pfam00657 consensus sequence amino acid

residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous
environment may be mutated using molecular evolution tools to introduce or enhance
the transferase activity, thereby producing a lipid acyltransferase enzyme with
significant transferase activity suitable for use in the compositions and methods of the

present invention.

Suitably, the lipid acyltransferase for use in the invention may be a variant with
enhanced enzyme activity on polar lipids, preferably phospholipids and/or glycolipids
when compared to the parent enzyme. Preferably, such variants also have low or no
activity on lyso polar lipids. The enhanced activity on polar lipids, phospholipids
and/or glycolipids may be the result of hydrolysis and/or transferase activity or a
combination of both.

Variant lipid acyltransferases for use in the invention may have decreased activity on

triglycerides, and/or monoglycerides and/or diglycerides compared with the parent

enzyme.
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Suitably the variant enzyme may have no activity on triglycerides and/or

monoglycerides and/or diglycerides.

Alternatively, the variant enzyme for use in the invention may have increased activity
on triglycerides, and/or may also have increased activity on one or more of the
following, polar lipids, phospholipids, lecithin, phosphatidylcholine, glycolipids,

digalactosyl monoglyceride, monogalactosyl monoglyceride.

Variants of lipid acyltransferases are known, and one or more of such variants may be
suitable for use in the methods and uses according to the present invention and/or in
the enzyme compositions according to the present invention. By way of example only,
variants of lipid acyltransferases are described in the following references may be used
in accordance with the present invention: Hilton & Buckley J Biol. Chem. 1991 Jan
15: 266 (2): 997-1000; Robertson et al J. Biol. Chem. 1994 Jan 21; 269(3):2146-50;
Brumlik ef al J. Bacteriol 1996 Apr; 178 (7): 2060-4; Peelman ef al Protein Sci. 1998
Mar; 7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

the specific properties as defined herein.

As used herein, the term “amino acid sequence” is synonymous with the term
“polypeptide” and/or the term “protein”. -In some instances, the term “amino acid

sequence” is synonymous with the term “peptide”.

The amino acid sequence may be prepared/isolated from a suitable source, or it may be

made synthetically or it may be prepared by use of recombinant DNA techniques.

Suitably, the amino acid sequences may be obtained from the isolated polypeptides
taught herein by standard techniques.
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One suitable method for determining amino acid sequences from isolated polypeptides

is as follows:

Purified polypeptide may be freeze-dried and 100 pg of the freeze-dried material may
be dissolved in 50 pl of a mixture of 8 M urea and 0.4 M ammonium hydrogen
carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes
at 50°C following overlay with nitrogen and addition of 5 pl of 45 mM dithiothreitol.
After cooling to room temperature, 5 pl of 100 mM iodoacetamide may be added for
the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-C in 5 pl of water may be added to the
above reaction mixture and the digestion may be carried out at 37°C under nitrogen for

24 hours.

The resulting peptides may be separated by reverse phase HPLC on a VYDAC CI8
column (0.46x15cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% TFA in acetonitrile. Selected peptideS may be
re-chromatographed on a Develosil C18 column using the same solvent system, prior
to N-terminal sequencing. Sequencing may be done using an Applied Biosystems
476A sequencer using pulsed liquid fast cycles according to the manufacturer's
instructions (Applied Biosystems, California, USA).

SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY

The present invention also encompasses the use of sequences having a degree of
sequence identity or sequence homology with amino acid sequence(s) of a polypeptide
having the specific properties defined herein or of any nucleotide sequence encoding
such a polypeptide (hereinafter referred to as a “homologous sequence(s)™). Here, the

term “homologue” means an entity having a certain homology with the subject amino
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acid sequences and the subject nucleotide sequences. Here, the term “homology” can

be equated with ““identity”.

The homologous amino acid sequence and/or nucleotide sequence should provide
and/or encode a polypeptide which retains the functional activity and/or enhances the
activity of the enzyme.

In the present context, a homologous sequence is taken to include an amino acid
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to the subject sequence. Typically, the homologues will comprise the same
active sites etc. as the subject amino acid sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

In the present context, a homologous sequence is taken to include a nucleotide
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
1dentical to a nucleotide sequence encoding a polypeptide of the present invention (the
subject sequence). Typically, the homologues will comprise the same sequences that
code for the active sites etc. as the subject sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available

computer programs can calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly

compared with the corresponding amino acid in the other sequence, one residue at a
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time. This is called an “ungapped” alignment. Typically, such ungapped alignments-.

are performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of sequences, one insertion or deletion
will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is
performed.  Consequently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by
inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two
compared sequences - will achieve a higher score than one with many gaps. “Affine
gap costs” are typically used that charge a relatively high cost for the existence of a
gap and a smaller penalty for each subsequent residue in the gap. This is the most
commonly used gap scoring system. High gap penalties will of course produce
optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the default values when using
such software for sequence comparisons. For example when using the GCG
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(Devereux et al 1984 Nuc. Acids Research 12 p387). Examples of other software that
can perform sequence comparisons include, but are not limited to, the BLAST package
(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4 Ed — Chapter 18),
FASTA (Altschul et al 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of
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comparison tools. Both BLAST and FASTA are available for offline and online
searching (see Ausubel ef al 1999, pages 7-58 to 7-60). However, for some
applications, it is preferred to use the GCG Bestfit program. A new tool, called
BLAST 2 Sequences is also available for comparing protein and nucleotide sequence
(see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1):
187-8 and tatiana@ncbi.nlm.nih.gov). ’

Although the final % homology can be measured in terms of identity, the alignment
process itself is typically not based on an all-or-nothing pair comparison. Instead, a
scaled similarity score matrix is generally used that assigns scores to each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see user manual for
further details). For some applications, it is preferred to use the public default values
for the GCG package, or in the case of other software, the default matrix, such as
BLOSUMS62.

Alternatively, percentage homologies may be calculated using the multiple alignment
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result.

The sequences may also have deletions, insertions or substitutions of amino acid
residues. which produce a silent change and result in a functionally equivalenf
substance. Deliberate amino acid substitutions may be made on the basis of similarity
in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues as long as the secondary binding activity of the substance is
retained. For example, negatively charged amino acids include aspartic acid and
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glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values include
leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,

phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below.
Amino acids in the same block in the second column and preferably in the same line in

the third column may be substituted for each other:

ALIPHATIC Non-polar GAP
ILV
Polar — uncharged CSTM
NQ
Polar — charged DE

KR
AROMATIC HFWY

The present invention also encompasses homologous substitution (substitution and
replacement are both used herein to>mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur i.e. like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution
may also occur i.e. from one class of residue to another or alternatively involving the
inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z),
diaminobutyric acid omithine (hereinafter referred to as B), norleucine omnithine
(hereinafter referred to as O), pyriylalanine, thienylalanine, naphthylalanine and
phenylglycine.

Replacements may also be made by unnatural amino acids.



10

15

20

25

30

WO 2005/066347 ) PCT/1B2004/004378

84

Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or p-
alanine residues. A further form of variation, involves the presence of one or more
amino acid residues in peptoid form, will be well understood by those skilled in the art.
For the avoidance of doubt, “the peptoid form™ is used to refer to variant amino acid
residues wherein the a-carbon substituent group is on the residue’s nitrogen atom
rather than the a-carbon. Processes for préparing peptides in the peptoid form are
known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and
Horwell Dé, Trends Biotechnol. (1995) 13(4), 132-134.

Nucleotide sequences for use in the present invention or encoding a polypeptide

“having the specific properties defined herein may include within them synthetic or

modified nucleotides. A number of different types of modification to oligonucleotides
are known in the art. These include methylphosphonate and phosphorothioate
backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5' ends
of the molecule. For the purposes of the present invention, it is to be understood that
the nucleotide sequences described herein may be modified by any method available in
the art. Such modifications may be carried out in order to enhance the in vivo activity

or life span of nucleotide sequences.

The present invention also encompasses the use of nucleotide sequences that are

‘complementary to the sequences discussed herein, or any derivative, ‘ﬁagment or

derivative thereof. If the sequence is complementary to a fragment thereof then that
sequence can be used as a probe to identify similar coding sequences in other

organisms etc.

Polynucleotides which are not 100% homologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a number of ways.
Other variants of the sequences described herein may be obtained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular
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homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may
be obtained and such homologues and fragments thereof in general will be capable of
selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cIDNA libraries made from or genomic DNA
libraries from other animal species, and probing such libraries with probes comprising all
or part of any one of the sequences in the attached sequence listings under conditions of
medium fo high stringency. Similar considerations apply to obtaining species
homologues and allelic variants of the polypeptide or nucleotide sequences of the

invention.

Variants and strain/species homologues may also be obtained using degenerate PCR
which will use primers designed to target sequences within the variants and homologues
encoding conserved amino acid sequences within the sequences of the present invention.
Conserved: sequences can be predicted, for example, by aligning the amino acid
sequences from several variantshomologues. Sequence alignments can be performed

- using computer software known in the art. For example the GCG Wisconsin PileUp

program is widely used.

The primers used in degenerate PCR will contain one or more degenerate positions and
will be used at stringency conditions lower than those used for cloning sequences with

single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired
in order to introduce restriction polypeptide recognition sites, or to alter the property or
function of the polypeptides encoded by the polynucleotides.

Polynucleotides (nucleotide sequences) of the invention may be used to produce a primer,
e.g. a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled
with a revealing label by conventional means using radioactive or non-radioactive labels,
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or the polynucleotides may be cloned into vectors. Such primers, probes and other
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polynucleotides of the

invention as used herein.

Polynucleotides such as DNA polynucleotides and probes according to the invention may
be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.

In general, primers will be produced by synthetic means, involving a stepwise
manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques

for accomplishing this using automated techniques are readily available in the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase chain reaction) cloning techniques. This will involve
making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the lipid
targeting sequence which it is desired to clone, bringing the primers into contact with
mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
reaction under conditions which bring about amplification of the desired region, isolating
the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and
recovering the amplified DNA. -The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified DNA can be cloned into a

suitable cloning vector.

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the
sequences of the present invention or sequences that are capable of hybridising either
to the sequences of the present invention or to sequences that are complementary

thereto.
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The term “hybridisation™ as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary strand through base pairing” as well as the
process of amplification as carried out jn polymerase chain reaction (PCR)

technologies.

The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the subject

sequences discussed herein, or any derivative, fragment or derivative thereof.

The present invention also encompasses sequences that are complementary to

sequences that are capable of hybridising to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and
confer a defined "stringency" as explained below.

Maximum suingeﬁcy typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high strinéency at about 5°C to 10°C below Tm; intermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.
As will be understood by those of skill in the art, a maximum stringency hybridisation
can be used to identify or detect identical nucleotide sequences while an intermediate
(or low) stringency hybridisation can be used to identify or detect similar or related

polynucleotide sequences.

Preferably, the present invention encompasses sequences that are complementary to
sequences that are capable of hybridising under high stringency conditions or
intermediate stringency conditions to nucleotide -sequences encoding polypeptides

having the specific properties as defined herein._

More preferably, the present invention encompasses sequences that are complementary

to sequences that are capable of hybridising under high stringent conditions (e. g. 65°C
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and 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nucleotide
sequences encoding polypeptides having the specific properties as defined herein.

The present invention also relates to nucleotide sequences that can hybridise to the
nucleotide sequences discussed herein (including complementary sequences of those

discussed herein).

The present invention also relates to nucleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences of those discussed herein).

Also included within the scope of the present invention are polynucleotide sequences
that are capable of hybridising to the nucleotide sequences discussed herein under

conditions of intermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,

under stringent conditions (e.g. 50°C and 0.2xSSC).

In a more preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,

under high stringent conditions (e.g. 65°C and 0.1xSSC).

EXPRESSION OF POLYPEPTIDES

A nucleotide sequence for use in the present invention or for encoding a polypeptide
having the specific properties as defined herein can be incorporated into a recombinant
replicable vector. The vector may be used to replicate and express the nucleotide
sequence, in polypeptide form, in and/or from a compatible host cell. Expression may
be controlled using control sequences which include promoters/enhancers and other
expression regulation signals. Prokaryotic promoters and promoters functional in
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be
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used. Chimeric promoters may also be used comprising sequence elements from two

or more different promoters described above.

The polypeptide produced by a host recombinant cell by expression of the nucleotide
sequence may be secreted or may be contained intracellularly depending on the
sequence and/or the vector used. The coding sequences can be designed with signal
sequences which direct secretion of the substance coding sequences through a
particular prokaryotic or eukaryotic cell membrane.

EXPRESSION VECTOR

The term "expression vector" means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated in the genome of the organism. The term

“incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of the present invention or coding for a polypeptide having
the specific properties as defined herein may be present in a vector, in which the
nucleotide sequence is operably linked to regulatory sequences such that the regulatory
sequences are capable of providing the expression of the nucleotide sequence by a

suitable host organism, i.e. the vector is an expression vector.

The vectors of the present invention may be transformed into a suitable host cell as
described below to provide for expression of a polypeptide having the specific
properties as defined herein.

The choice of vector, e.g. plasmid, cosmid, virus or phage vector, will often depend on

the host cell into which it is to be introduced.

The vectors may contain one or more selectable marker genes — such as a gene which

confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin



10

15

20

25

30

WO 2005/066347 PCT/IB2004/004378

90

resistance. Alternatively, the selection méy be accomplished by co-transformation (as
described in W091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to

transfect or transform a host cell.

Thus, in a further embodiment, the invention provides a method of making nucleotide
sequences of the present invention or nucleotide sequences encoding polypeptides
having the specific properties as defméd herein by introducing a nucleotide sequence
into a replicable vector, introducing the vector into a compatible host cell, and growing

the host cell under conditions which bring about replication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector to replicate
in the host cell in question. Examples of such sequences are the origins of replication
of plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 and p1J702.

REGULATORY SEQUENCES

In some applications, a nucleotide sequence for use in the present invention or a
nucleotide sequence encoding a polypeptide having the specific properties as defined
herein may be operably linked to a regulatory sequence which is capable of providing
for the expression of the nucleotide sequence, such as by the chosen host cell. By way
of example, the present invention covers a vector comprising the nucleotide sequence
of the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector.

The term "operably linked" refers to a juxtaposition wherein the components-described
are in a relationship permitting them to function in their intended manmer. A
regulatory sequence "operably linked" to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under conditions compatible with

the control sequences.
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The term “regulatory sequences” includes promoters and enhancers and other

expression regulation signals.

The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase
binding site.

Enhanced expression of the nucleotide sequence encoding the enzyme having the
specific properties as defined herein may also be achieved by the selection of
heterologous regulatory regions, e.g. promoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence of the present invention may be operably linked to at
least a promoter.

Examples of suitable promoters for directing the transcription of the nucleotide

sequence in a bacterial, fungal or yeast host are well known in the art.

CONSTRUCTS

The term "construct” - which is synonymous with terms such as "conjugate”, "cassette"
and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein for use according to the present invention directly or
indirectly attached to a promoter. An example of an indirect attachment is the brovision
of a suitable spacer group such as an intron sequence, such as the Shl-intron or the ADH
intron, intermediate the promoter and the nucleotide sequence of the present invention.
The same is true for the term "fused” in relation to the present invention which includes
direct or indirect attachment. In some cases, the terms do not cover the natural
combination of the nucleotide sequence coding for the protein ordinarily associated with
the wild type gene promoter and when ihey are both in their natural environment.

The construct may even contain or express a marker which allows for the selection of the
genetic construct.
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For some applications, preferably the construct comprises at least a nucleotide
sequence of the present invention or a nucleotide sequence encoding a polypeptide

having the specific properties as defined herein operably linked to a promoter.

ﬂOST CELLS

The term “host cell” - in relation to the present invention includes any cell that
comprises either a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein or an expression vector as described above and which is
used in the recombinant production of a polypeptide having the specific properties as

defined herein.

Thus, a further embodiment of the present invention provides host cells transformed or
transfected with a nucleotide sequence of the present invention or a nucleotide
sequence that expresses a polypeptide having the specific properties as defined herein.
The cells will be chosen to be compatible with the said vector and may for example be
prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram

positive bacteria.

Depending on the nature of the nucleotide sequence encoding a polypeptide having the
specific properties as defined herein, and/or the desirability for further processing of
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.
In general, yeast cells are preferred over fungal cells because they are easier to
manipulate. However, some proteins are either poorly secreted from the yeast cell, or
in some cases are not processed properly (e.g. hyperglycosylation in yeast). In these
instances, a different fungal host organism should be selected.
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The use of suitable host cells, such as yeast, fungal and plant host cells — may provide
for post-translational modifications (e.g. myristoylation, glycosylation, truncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products of the present

invention.

The host cell may be a protease deficient or protease minus strain.

ORGANISM

The term "organism" in relation to the present invention includes any organism that
could comprise a nucleotide sequence according to the present invention or a
nucleotide sequence encoding for a polypeptide having the specific properties as

defined herein and/or products obtained therefrom.

Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The term "transgenic organism” in relation to the present invention includes any
organism that comprises a nucleotide sequence coding for a polypeptide having the
specific properties as defined herein and/or the products obtained therefrom, and/or
wherein a promoter can allow expression of the nucleotide sequence coding for a
polypeptide having the specific properties as defined herein within the organism.

Preferably the nucleotide sequence is incorporated in the genome of the organism.

The term “transgenic organism” does not cover native nucleotide coding sequences in
their natural environment when they are under the control of their native promoter

which is also in its natural environment.

Therefore, the transgenic organism of the present invention includes an organism
comprising any one of, or combinations of, a pucleotide sequence coding for a
polypeptide having the specific properties as defined herein, constructs as defined
herein, vectors as defined herein, plasmids as defined herein, cells as defined herein, or
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the products thereof. For example the transgenic organism can also comprise a
nucleotide sequence coding for a polypeptide having the specific properties as defined

herein under the control of a heterologous promoter.

TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.

Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis.

Teachings on the transformation of prokaryotic hosts is well documented in the art, for
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the
nucleotide sequence may need to be suitably modified before transformation - such as

by removal of introns.
In another embodiment the transgenic organism can be a yeast.

Filamentous fungi cells may be transformed using various methods known in the art —
such as a process involving protoplast formation and transformation of the protoplasts
followed by regeneration of the cell wall in a manner known. The use of Aspergillus

as a host microorganism is described in EP 0 238 023.

Another host organism can be a plant. A review of the general techniques used for
transforming plants may be found in articles by Potrykus (dnnu Rev Plant Physiol
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375. '

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.
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TRANSFORMED BACTERIA

A host organism may be a bacterium, such as Streptomyces, Bacillus subtillis or E.coli.
Suitable methods of heterologous expression in E.coli are disclosed in WO04/064537.
Suitable methods of heterologous expression in Bacillus are disclosed in
WO002/214490. Examples of suitable bacterial host organisms are gram positive
bacterial species such as Bacillaceae, including Bacillus subtilis, Bacillus
licheniformis, Bacillus lentus, Bacillus brevis, Bacillus stearothermophilus, Bacillus
alkalophilus, Bacillus amyloliquefaciens, Bacillus coagulans, Bacillus lautus, Bacillus
megaterium and Bacillus thuringiensis, Streptomyces species, such as Strepfomyces
murinus, lactic acid bacterial species, including Lactococcus spp., such as Lactococcus
lactis, Lactobacillus spp., iﬁc]uding Lactobacillus reuteri,, Leuconostoc spp.,
Pediococcus spp. and Streptococcus spp. Alternatively, strains of a gram-negative
bacterial species belonging to Enterobacteriaceae, including E. coli, or to

Pseudomonadaceae can be selected as the host organism.

TRANSFORMED FUNGUS

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable
such hosts include any member belonging to the genera Thermomyces, Acremonium,

Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like.

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which
states that standard techniques for transformation of filamentous fungi and culturing
the fungi are well known in the art. An extensive review of techniques as applied to V.
crassa is found, for example in Davis and de Serres, Methods Enzymol (1971) 17A:
79-143.

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.
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In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus

niger.

A transgenic Aspergillus according to the present invention can also be prepared by
following, for example, the teachings of Turner G. 1994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghorn J.R.( Editors) Aspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).

Gene expression in filamentous fungi has been reviewed in Punt er al. (2002) Trends
Biotechnol 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)
17(4):273-306.

TRANSFORMED YEAST
In another embodiment, the transgenic organism can be a yeast.

A review of the principles of heterologous gene expression in yeast are provided in, for
example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)
Oct;8(5):554-60

In this regard, yeast — such as the species Saccharomyces cerevisi or Pichia pastoris (see
FEMS Microbiol Rev (2000 24(1):45-66), may be used as a vehicle for heterologous

gene expression.

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae
and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a
vehicle for the expression of heterologous genes”, Yeasts, Vol 5, Anthony H Rose and
J Stuart Harrison, eds, 2nd edition, Academic Press Ltd.).

For the transformation of yeast, several transformation protocols have been developed.

For example, a transgenic Saccharomyces according to the present invention can be
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prepared by following the teachings of Hinnen et al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,
104); and Ito, H et af (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selective markers — such as

auxotrophic markers dominant antibiotic resistance markers.

A suitable yeast host organism can be selected from the biotechnologically relevant
yeasts species such as, ‘but not limited to, yeast species selected from Pichia spp.,
Hansenula spp., Kluyveromyces, Yarrowinia spp., Saccharomyces spp., including S.

cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe.

A strain of the methylotrophic yeast species Pichia pastoris may be used as the host

organism.

In one embodiment, the host organism may be a Hansenula species, such as H.
polymorpha (as described in WQ01/39544).

TRANSFORMED PLANTS/PLANT CELLS

A host organism suitable for the present invention may be a plant. A review of the
general techniques may be found in articles by Potrykus (Annu Rev Plant Physiol Plant
Mol Biol [1991} 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April
1994 17-27), or in WO01/16308. The transgenic plant may produce enhanced levels of
phytosterol esters and phytostanol esters, for example.

Therefore the present invention also relates to a method for the production of a transgenic
plant with enhanced levels of phytosterol esters and phytostanol esters, comprising the
stebs of transforming a plant cell with a lipid acyltransferase as defined herein (in
particular with an expression vector or (;onstruct comprising a lipid acyltransferase as

defined herein), and growing a plant from the transformed plant cell.
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SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into
the culture medium from where the enzyme may be more easily recovered. According
to the present invention, the secretion leader sequence may be selected on the basis of
the desired expression host. Hybrid signal sequences may also be used with the

context of the present invention.

Typical examples of heterologous secretion leader sequences are those originating
from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,

Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus).
DETECTION

A variety of protocols for detecting and measuring the expression of the amino acid
sequence are known in the art. Examples include enzyme-linked immunosorbent
assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting
(FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the

art and can be used in various nucleic and amino acid assays.

A number of companies such as Pharmacia Biotech (Piscataway, NJ), Promega
(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits
and protocols for these procedures.

Suitable reporter molecules or labels include those radionuclides, enzymes,
fluorescent, chemiluminescent, or chromogenic agents as well as substrates, cofactors,
inhibitors, magnetic particles and the like. Patents teaching the use of such labels
include US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-
4,277,437; US-A-4,275,149 and US-A-4,366,241.
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Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

A polypeptide having the specific properties as defined herein may be produced as a
fusion protein, for example to aid in extraction and purification thereof. Examples of
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA
binding and/or transcriptional activation domains) and f3-galactosidase. It may also be
convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not hinder the activity of the protein sequence.

Gene fusion expression systems in E. coli have been reviewed in Curr. Opin.
Biotechnol. (1995) 6(5):501-6.

In another embodiment of the invention, the amino acid sequence of a polypeptide
having the specific properties as defined herein may be ligated to a heterologous
sequence to encode a fusion protein. For example, for screening of peptide libraries for
agents capable of affecting the substance activity, it may be useful to encode a
chimeric substance expressing a heterologous epitope that is recognised by a

commercially available antibody.

The invention will now be described, by way of example only, with reference to the

following Figures and Examples.

Figure 1 shows a pfam00657 consensus sequence from database version 6 (SEQ ID
No. 1);
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Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism
Aeromonas hydrophila (P10480; G1:121051). This amino acid sequence is a reference

. enzyme, which may be a parent enzyme in accordance with the present invention;

Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism
Aeromonas salmonicida (AAG098404; G1:9964017);

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number NP_631558);

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number: CAC42140);

Figure 6 shows an amino acid sequence (SEQ ID No. 6) obtained from the organism

Saccharomyces cerevisiae (Genbank accession number P41734);
Figure 7 shows an alignment of selected sequences to pfam00657 consensus sequence;

Figure 8 shows a pairwise alignment of SEQ ID No. 3 with SEQ ID No. 2 showing
93% amino acid sequence identity. The signal sequence is underlined. + denotes
differences. The GDSX motif containing the active site serine 16, and the active sites
aspartic acid 116 and histidine 291 are highlighted (see shaded regions). Numbers after

the amino acid is minus the signal sequence;

Figure 9 shows a nucleotide sequence (SEQ ID No. 7) encoding a lipid acyl transferase

according to the present invention obtained from the organism 4eromonas hydrophila;

Figure 10 shows a nucleotide sequence (SEQ ID No. 8) encoding a lipid acyl
transferase according to the present invention obtained from the organism Aeromonas

salmonicida,
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Figure 11 shows a nucleotide sequence (SEQ ID No. 9) encoding a lipid acyl
transferase according to the present invention obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number
NC_003888.1:8327480..8328367),

Figure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipid acyl
transferase according to the present invention obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession pumber
AL939131.1:265480..266367);

Figure 13 shows a nucleotide séquence (SEQ ID No. 11) encoding a lipid acyl
transferase according to the present invention obtained from the organism

Saccharomyces cerevisiae (Genbank accession number Z75034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism .
Ralstonia (Genbank accession number: AL646052);

Figure 15 shows a nucleotide sequence (SEQ ID No. 13) encoding a lipid acyl

transferase according to the present invention obtained from the organism Ralstonia;

Figure 16 shows SEQ ID No. 14. Scoel NCBI protein accession code CAB39707.1
G1:4539178 conserved hypothetical protein [Streptomyces coelicolor A3(2)];

Figure 17 shows a nucleotide sequence shown as SEQ ID No. 15 encoding NCBI
protein accession code CAB39707.1 GI:4539178 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];

Figure 18 shows an amino acid shown as SEQ ID No. 16. Scoe2 NCBI protein
accession code CACO01477.1 GI:9716139 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];
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Figure 19 shows a nucleotide sequence shown as SEQ ID No. 17 encoding Scoe2
NCBI protein accession code CAC01477.1 GI:9716139 conserved hypothetical
protein [Streptomyces coelicolor A3(2)];

Figure 20 shows an amino acid sequence (SEQ ID No. 18) Scoe3 NCBI protein
accession code CAB88833.1 GI:7635996 putative secreted protein. [Streptomyces
coelicolor A3(2)];

Figure 21 shows a nucleotide sequence shown as SEQ ID No. 19 encoding Scoe3
NCBI protein accession code CAB88833.1 GI:7635996 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 22 shows an amino acid sequence (SEQ ID No. 20) Scoe4 NCBI protein
accession code CAB89450.1 GI:7672261 putative secreted protein. [Streptomyces
coelicolor A3(2)};

Figure 23 shows an nucleotide sequence shown as SEQ ID No. 21 encoding Scoe4
NCBI protein accession code CAB89450.1 GI:7672261 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 24 shows an amino acid sequence (SEQ ID No. 22) ScoeS NCBI protein
accession code CAB62724.1  Gl:6562793 putative lipoprotein [Streptomyces
coelicolor A3(2)];

Figure 25 shows a nucleotide sequence shown as SEQ ID No. 23, encoding Scoe5
NCBI protein accession code CAB62724.1  GI:6562793 putative lipoprotein
[Streptomyces coelicolor A3(2)];

Figure 26 shows an amino acid sequence (SEQ ID No. 24) Sriml NCBI protein
accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces rimosus];
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Figure 27 shows a nucleotide sequence shown as SEQ ID No. 25 encoding Srim1
NCBI protein accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces

rimosus];

Figure 28 shows an amino acid sequence (SEQ ID No. 26) - a lipid acyl transferase
from Aeromonas hydrophila (ATCC #7965);

Figure 29 shows a mnucleotide sequence (SEQ ID No. 27) encoding a lipid
acyltransferase from Aeromonas hydrophila (ATCC #7965);

Figure 30 shows an amino acid sequence (SEQ ID No. 28) of a lipid acyltransferase
from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);

Figure 31 shows a nucleotide sequence (SEQ ID No. 29) encoding a lipid
acyltransferase from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);

Figure 32 shows that homologues of the deromonas genes can be identified using the
basic local alignment search tool service at the National Center for Biotechnology
Information, NIH, MD, USA and the completed genome databases. The GDSX motif
was used in the database search and a number of sequences/genes potentially encoding
enzymes with lipolytic activity were identified. Genes were identified from the genus
Streptomyeces, Xanthomonas and Ralstonia. As an example below, the Ralstonia
solanacearum was aligned to the Aeromonas salmonicida (satA) gene. Pairwise
alignment showed 23% identity. The active site serine is present at the amino terminus

and the catalytic residues histidine and aspartic acid can be identified;

Figure 33 shows the Pfam00657.11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate the active site residues, the
underlined boxes indicate three of the homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179]. Capital letters in the Pfam

consensus indicate conserved residues in many family members. The — symbol
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indicates a position where the hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino

acid sequences listed in Figures 16, 18, 20, 22, 24, 26, 28 and 30.

Figure 34 shows the Pfam00657.11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate the active site residues, the
underlined boxes indicate three of the homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179]. Capital letters in the Pfam
consensus indicate conserved residues in many family members. The — symbol
indicates a position where the hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino
acid sequences listed in Figures 2, 16, 18, 20, 26, 28 and 30. All these proteins were
found to be active against lipid substrates.

Figure 35 shows an amino acid sequence (SEQ ID No. 30) of the fusion construct used
for mutagenesis of the Aeromonas hydrophila lipid acyltransferase gene in Example 7.

The underlined amino acids is a xylanase signal peptide;

Figure 36 shows a nucleotide sequence (SEQ ID No. 31) encoding a lipid
acyltransferase enzyme from Aeromonas hydrophila including a xylanase signal
peptide;

Figure 37 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Streptomyces (SEQ ID No. 32);

Figure 38 shows a polypeptide sequence of a lipid acyltransferase enzyme from
Streptonyces (SEQ ID No. 33);
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Figure 39 shows a polypeptide sequence of a lipid acyltransferase enzyme from
Termobifida (SEQ ID No. 34);

Figure 40 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Termobifida (SEQ ID No. 35);

Figure 41 shows a polypeptide sequence of a lipid acyltransferase enzyme from
Termobifida (SEQ ID No. 36);

Figure 42 shows a polypeptide of a lipid acyltransferase enzyme from
Corynebacteriumteffciens\ GDSx 300 aa (SEQ ID No. 37);

_Figure 43 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from

Corynebacterium\effciens\ GDSx 300 aa (SEQ ID No. 38);

Figure 44 shows a polypeptide of a lipid acyltransferase enzyme from
Novosphingobium\aromaticivorans\ GDSx 284 aa (SEQ ID No. 39);

Figure 45 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Novosphingobium\aromaticivorans\ GDSx 284 aa (SEQ ID No. 40);

Figure 46 shows a polypeptide of a lipid acyltransferase enzyme from Streptomyces
coelicolor\ GDSx 268 aa (SEQ ID No. 41);

Figure 47 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Streptomyces coelicolor\ GDSx 268 aa (SEQ ID No. 42);

Figure 48 shows a polypeptide of a lipid acyltransferase enzyme from Streptomyces
avermitilis \ GDSx 269 aa (SEQ ID No. 43);

Figure 49 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Streptomyces avermitilis \ GDSx 269 aa (SEQ ID No. 44);
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Figure 50 shows a polypeptide of a lipid acyliransferase enzyme from Streptomyces
(SEQ ID No. 45);

Figure 51 shows a nucleotide sequence encoding a lipid acyltransferase enzyme from
Streptomyces (SEQ ID No. 46);

Figure 52 shows a ribbon representation of the 1IVN.PDB crystal structure which has
glycerol in the active site. The Figure was made using the Deep View Swiss-PDB

‘viewer;

Figure 53 shows 1IVN.PDB Crystal Structure — Side View using Deep View Swiss-
PDB viewer, with glycerol in active site - residues within 10A of active site glycerol

are coloured black;

Figure 54 shows 1IVN.PDB Crystal Structure — Top View using Deep View Swiss-
PDB viewer, with glycerol in active site — residues within 10A of active site glycerol

are coloured black;
Figure 55 shows alignment 1;
Figure 56 shows alignment 2;

Figures 57 and 58 show an alignment of 1IVN to P10480 (P10480 is the database
sequence for A. hydrophila enzyme), this alignment was obtained from the PFAM
database and used in the model building process;

Figure 59 shows an alignment where P10480 is the database sequence for Aderomonas
hydrophila. This sequence is used for the model construction and the site selection.
Note that the full protein is depicted, the mature protein (equivalent to SEQ ID No. 2)
starts at residue 19. A. sal is Aderomonas salmonicida (SEQ ID No. 28) GDSX lipase,
A. hyd is deromonas hydrophila (SEQ ID No. 26) GDSX lipase. The consensus
sequence contains a * at the position of a difference between the listed sequences;



10

15

20

25

30

WO 2005/066347 , PCT/1B2004/004378

107

Figure 60 shows a typical set of 384 clones, the wild type control lies at the
intersection of 0.9PC, 0.8DGDG:; and

Figure 61 shows three areas of interest. Section 1 contains mutants with an increased
ratio R but lower activity towards DGDG. Region 2 contains mutants with an
increased ratio R and an increased DGDG activity. Region 3 contains clones with an

increésed PC or DGDG activity, but no increase in the ratio R. -

EXAMPLE 1

Modelling of Aeromonas hydrophila GDSx lipase on 1IVN

The alignment of the Aeromonas hydrophila GDSX lipase amino acid sequence
(P10480) to the Escherichia coli Tioesterase amino acid sequence (1TVN) and the
Aspergillus aculeatus thammogalacturonan acetylesterase amino ‘acid sequence
(1DEO) was obtained from the PFAM database in FASTA format. The alignment of
P10480 and 1IVN was fed into an automated 3D structure modeller (SWISS-
MODELLER server at www.expasy.org) together with the 1IVN.PDB crystal structure
coordinates file FIGURE 52). The obtained model for P10480 was structurally aligned
to the crystal structures coordinates of 1IVN.PDB and 1DEO.PDB using the 'Deep
View Swiss-PDB viewer' (obtained from www.expasy.org/spdbv/) (FIGURE 53). The
amino acid alignment obtained from the PFAM database (alignment 1 - (FIGURE 55))
was modified based on the structural alignment of 1DEO.PDB and 1IVN.PDB. This
alternative amino acid alignment is called alignment 2 (FIGURE 56).

The 1IVN.PDB structure contains a glycerol molecule. This molecule is considered to
be in the active site because it is in the vicinity of the catalytic residues. Therefore, a
selection can be made of residues that are close to the active site which, due to their
vicinity, are likely to have an influence on substrate binding, product release, and/or
catalysis. In the 1IVN.PDB structure, all amino acids within a 10 A sphere centered on
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the central carbon atom of the glycerol molecule in the active site were selected

(amino acid set 1) (See Figure 53 and Figure 54).

The following amino acids were selected from the P10480 sequence; (1) all amino
acids in P10480 corresponding to the amino acid set 1 in alignment 1; (2) all amino
acids in P10480 corresponding to the amino acid set 1 in alignment 2; (3) from the
overlay of the P10480 model and 1IVN all amino acids in the P10480 model within
12A from the glycerol molecule in 1IVN. Ail three groups combined give amino acid

set2. -

Sequence P10480 was aligned to "AAG09804.1 GI:9964017 glycerophospholipid-
cholesterol acyltransferase [Aeromonas salmonicida]" and the residues in AAG09804

corresponding to amino acid set 2 were selected to give amino acid set 3.

Setl,2,and 3

Amino acid set 1;

Amino acid set 1 (note that these are amino acids in 1IVN — Figure 57 and Figure 58.)
Gly8, Asp9, Leull, Serl2, Tyrl5, Gly44, Asp45, Thr46, Glu69, Leu70, Gly71, Gly72,
Asn73, Asp74, Gly75, Leu76, GInl06, lle107, Argl08, Leul09, Pro110, Tyrl13,
Phel21, Phel39, Phel140, Met141, Tyrl45, Metl151, Aspl54, His157, Gly155, Ile156,
Prol58

The highly conserved motifs, such as GDSx and catalytic residues, were deselected
from set 1 (residues underlined). For the avoidance of doubt, set 1 defines the amino
acid residues within 10A of the central carbon atom of a glycerol in the active site of
the 1IVN model.

Amino acid set 2;
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Amino acid set 2 (note that the numbering of the amino acids refers to the amino acids

in the P10480 mature sequence)

Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn87, Asn88, Trpl111, Vall12,
Alal14, Tyr117, Leull8, Prol56, Gly159, Gln160, Asn161, Prol62, Ser163, Alal64,
Argl65, Ser166, GIn167, Lys168, Val169, Vall70, Glul71, Alal172, Tyr179, His180,
Asnl181, Met209, Leu210, Arg211, Asn215, Lys284, Met285, GIn289 and Val290.

Table of selected residues in Set 1 compared with Set 2:

IVN model P10480
Mature sequence residue
IVN A.hyd homologue | Number
PFAM. | Structure

Gly8 Gly32

Asp9 Asp33

Ser10 | Ser34

Leull | Leu3s Leul?

Serl2 | Ser36 Serl8
Lys22
Met23

Tyrl5 | Gly58 Gly40

Gly44 | Asn98 Asn80

Asp45 | Pro99 Pro81

Thr46 | Lys100 Lys82
Asn87
Asn88

Glu69 | Trpl129 Trplll

Leu70 | Vali30 Vall12

Gly71 | Gly131

Gly72 | Alal32 Alall4

Asn73 | Asnl33
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Asp74 | Aspl34
Gly75 | Tyrl35 Tyr117
Leu76 |Leul36 Leull8
GIn106 Prol74 Prol56
lle107 Gly177 Gly159
Argl08 GIn178 GIn160
Leul09 Asnl79 Asnl61
Proil0 180 to 190 | Pro162
Tyrl13 Serl163
Alalé64
Arglé65
Ser166
GIn167
Lys168
Vali69
Vall70
Glul71
Alal72
Phel21 | His198 | Tyr197 Tyr179
His198 His180
Asnl199 Asnl81
Phel39 | Met227 Met209
Phel40 | Leu228 Leu210
Met141 | Arg229 Arg211
Tyri45 | Asn233 Asn215
Lys284
Metl51 | Met303 Met285
'| Aspl54 | Asp306
Gly155 | Gin307 GIn289
Hlel56 | Vai308 Val290
His157 | His309

PCT/IB2004/004378



10

15

20

25

30

WO 2005/066347 PCT/1IB2004/004378

111

Prol58 | Pro310

Amino acid set 3:

Amino acid set 3 is identical to set 2 but refers to the Aderomonas salmonicida (SEQ ID
No. 28) coding sequence, i.e. the amino acid residue numbers are 18 higher in set 3 as
this reflects the difference between the amino acid nixmben'ng in the mature protein
(SEQ ID No. 2) compared with the protein including a signal sequence (SEQ ID No.
28).

The mature proteins of Aeromonas salmonicida GDSX (SEQ ID No. 28) and
Aeromonas hydrophila GDSX (SEQ ID No. 26) differ in five amino acids. These are
Thr3Ser, GIn182Lys, Glu309Ala, Ser310Asn, Gly318-, where the salmonicida residue
is listed first and the Aydrophila residue is listed last (FIGURE 59). The hydrophila
protein is only 317 amino acids long and lacks a residue in position 318. The
Aeromonas salmonicidae GDSX has considerably high activity on polar lipids such as
galactolipid substrates than the Aeromonas hydrophila protein. Site scanning was

performed on all five amino acid positions.
Amino acid set 4:

Amino acid set 4 is S3, Q182, E309, S310, and -318.

Amino acid set 5:

F138, DI5N, S18G, S18V, Y30F, D116N, D116E, D157 N, Y226F, D228N Y230F.
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Amino acid set 6:

Amino acid set 6 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, Tiplll, Vall12, Alall4, Tyr117, Leul18, Prol156, Gly159, GIn160, Asn161,
Pro162, Ser163, Alal64, Argl65, Ser166, GIn167, Lys168, Val169, Vall170, Glul71,
Alal72, Tyrl79, His180, Asnl81, GInl82, Met209, Leu210, Arg211, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318.

The numbering of the amino acids in set 6 refers to the amino acids residues in P10480
(SEQ ID No. 2) — corresponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural alignment to P10480 and/or
1IVN.

Amino acid set 7:

Amino acid set 7 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, ‘Trpl 11, Vall12, Alal14, Tyrl117, Leul18, Prol156, Gly159, GIn160, Asn161,
Prol62, Ser163, Alal64, Argl65, Ser166, Gln167, Lys168, Val169, Val170, Glul71,
Alal72, Tyrl79, His180, Asnl81, GIn182, Met209, Leu210, Arg2ll, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318, Y30X (where X is selected
from A,C,D,E,G, H, LK, L, M,N,P,Q,R, S, T, V, or W), Y226X (where X is
selected from A, C,D,E, G, H, LK,L,M,N,P,Q,R, S, T, V, or W), Y230X (where
X is selected from A, C,D,E, G, H, LK, L, M, N, P, Q,R, S, T, V, or W), S18X
(where X is selected from A, C,D,E,F,H, LK, L, M,N,P,Q,R, T, W or Y), D157X
(where X is selected from A, C,E,F,G, H,LK,L,M,P,Q,R,S, T, V, Wor Y).

The numbering of the amino acids in set 7 refers to the amino acids residues in P10480
(SEQ ID:No. 2) — corresponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural alignment to P10480 and/or

1IVN).
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-From the crystal structure one can obtain the secondary structure classification. That

means, one can classify each amino acid as being part of an alpha-helix or a beta-sheet.
Figure 57 shows the PFAM alignment of 1DEO, 1IVN, and P10480 (the database
Aeromonas hydrophila). Added below each line of sequence is the structural

classification.

The PFAM database contains alignments of proteins with low sequence identity.
Therefore, these alignments are not very good. Although the alignment algorithms
(HAMMER profiles) are well suited for recognizing conserved motifs the algorithm is
not very good on a detailed level. Therefore it is not surprising to find a disparity
between the PFAM alignment and a structural alignment. As a skilled person would be
readily aware, one can modify the PFAM alignment based on the structural data.
Meaning that one can align those structural elements that overlap.

FIGURE 55 shows the original PFAM alignment of 1DEO, 1IVN and P10480. Added
to the alignment is the secondary structure information from the crystal structures of
1DEO and 1IVN. Alignment 2 in FIGURE 56 shows a manually modified alignment
where the match between the secondary structure elements is improved. Based on
conserved residues between either 1DEO and P10480 or between 11VN and P10480
the alignment was modified for P10480 as well. To easily distinguish the sequence
blocks the sequence identifiers in alignment 2 have an extra m (IDEOm, 1IVNm,
P10480m).

Alignment 3 is a mix of 1 and 2, it gives the alignment per block.

EXAMPLE 2: Construction of site scan libraries

The Quick Change Multi Site-Directed Mutagenesis Kit from Stratagene was used
according to the manufacturers instruction. For each library a degenerate primer with
one NNK or NNS (nucleotide abbreviations) codon was designed. Primer design was
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performed using the tools available on the Stratagene web site. Primer quality control
was further confirmed using standard analysis tools which analyze the primer for the

potential of forming hairpins or of forming primer-dimers.

The main concepts of the method are as follows; using a non-strand displacing high-
fidelity DNA polymerase such as Pfu-Turbo and a single primer one will linearly
amplify the DNA template. This is in contrast to the normal exponential amplification
process of a PCR reaction. This linear amplification process ensures a low error
frequency. The product is single stranded non-methylated DNA and double stranded
hemi-methylated DNA. If the template is obtained from a suitable host organism, then
the template is double stranded methylated DNA. This means that the template DNA
can be digested with Dpn I endonuclease without digesting the product DNA.
Therefore upon transformation of the DNA into a suitable host only a very low
frequency of the transformants with non-mutagenized plasmid.

EXAMPLE 3: Selection of winners from a site scan library

Two alternative approaches are described; library sequencing followed by analysis of

unique amino acids, or library analysis followed by sequencing of the winners.

Selection of winners method 1; library sequencing followed by analysis of unique

amino acids.

The transformation/expression shuttle vector used for generation of the site scanning
libraries/variants in E. coli and expression of the variants in B. subtilis was derived
from pDP66S, Penninaga et al., ( Biochemistry (1995), 3368-3376), by replacement of
the selection cassette to a kanamycin selection cassette. The vector used to insert the
acyl-transferase variant gene in place of the cgt geme down-stream of the P32
promoter. The vector uses the P32 promoter to drive expression of the acyl-transferase

vanant gene in B. subtilis.
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The expression vector was transformed into nprE-, aprA- Bacillus subtillis DB104
(Kawamura and Doi, J. of Bacteriology Oct 1984, p442-444) using transformation
methods, as described in Chapter 3, Molecular Biological Methods for Bacillus (Ed.
C.R. Harwood and S.M. Cutting), 1990. John Wiley & Sons Ltd. Chichester, UK).

Site scan libraries were constructed using a degenerate oligo containing one NNK
codon, where K stands for G or T and N stands for A, C, G, or T. This means that a set
of clones constructed from an amplification reaction using an NNK primer (also
known as 'a site scan library’) contains in principle 32 unique codons (4x4x2 = 32
combiﬁation options). Assuming no bias due, the number of clones that one needs to
pick to have a 95% chance of picking every one of the 32 codons at least once is 95.
This can be calculated using the following formula

Formula 1; n= {log (1-c) } / { log (1-f) }

Where n is the number of clones, ¢ is the fraction value of the confidence interval, for
example the 95% confidence interval has a value of 0.95 and the 99% confidence
interval has a fraction value of 0.99, and f is the frequency with which each individual
codon occurs, which for an NNK primer is 1/32 or 0.03125. Solving the formula for n
gives 94.36 or 95 clones. If a 95% confidence interval is deemed to be too low, or if
one is unable to avoid bias in one or more steps of the library construction process, one
can decide to assay or sequence more clones. For example, in formula 1, if n is set to
384, fto 1/32 or 0.03125 then the confidence interval ¢ is much larger than 99%. Even
if 60% of the clones contain the same mutation or the wild type codon, then 363 clones
will give a 99% confidence of obtaining all 32 codons. From this one can conclude
that, 384 clones will have a 99% confidence of containing each of the 32 codons at

least once.

A colony PCR was performed (a PCR reaction on a bacterial colony or on a bacterial
liquid culture to amplify a fragment from a plasmid inside a bacterium, and
subsequently sequencing that part of the fragment which has been mutagenised is an
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established procedure. Colony PCR can be routinely performed for sets of 96 due to
the availability of prefabricated material (also known as kits) for colony PCR,
sequencing, and sequence purification. This entire procedure is offered as a service by
several commercial companies such as AGOWA GmbH, Glienicker weg 185, D-
12439 Berlin, Germany.

After analysing the 96 sequence reactions, the individual clones were selected
representing one for each codon that is available in the set of 96 sequences.
Subsequently, for each of the clones representing the mutants, 5 ml of LB broth
(Casein eﬂzymaﬁc digest, 10 g/l; low-sodium Yeast extract, 5 g/l; Sodium Chloride, 5 ,
g/l; Inert tableting aids, 2 g/1) supplemented with 50 mg/l kanamycin, was inoculated
and incubated at 33 °C for 6 hours at 205 rpm. 0.7 ml of this culture was used to
inoculate 50 ml of SAS substrate (K;HPO4, 10 g/I; MOPS (3-morpholinopropane
sulfonic acid), 40 g/l; Sodium Chloride, 5 g/l; Antifoam (Sin 260), 5 drops/l; Soy flour
degreased, 20 g/l; Biospringer 106 (100 % dw YE), 20 g/1) supplemented with 50 mg/l
kanamycin and a solution of high maltose starch hydrolysates (60 g/I). Incubatiqn was
continued for 40 hours at 33 °C and 180 rpm before the culture supernatant was
separated by centrifugation at 19000 rpm for 30 min. The supernatant was transferred

into a clean tube and directly used for the assay.

Selection of winners method 2; library screening followed by sequencing of the

winners

Although one could choose to sequence 384 clones, one may also assay them and

select improved variants before sequencing.

A pumber of issues should be considered when such a number of samples are
screened. Without being exhaustive, although it is possible to select variants with
altered activity on one substrate, the difference in expression level between 384
cultures can be substantial even if one uses a 384 well microtiter plate, resulting in a
high background. Therefore, measuring two activities and selecting winners based on a
change in ratio is a preferred method. To illustrate, if two activities have a certain ratio
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R then regardless of the absolute amount of enzyme present, the ratio between the two
activities will always be R. A change in the R value indicates a mutation that changed

one activity relative to the second activity.

-Figure 60 shows a data set obtained from the site scan library. The clones are all tested

for activity towards phosphétidyl choline (PC) and digalactosyl diglyceride (DGDG).
All clones, which can be mutated or not, that exhibit no change in the R value will lie
on a straight line with a certain margin of error. Disregarding these clones three groups
of interest appear in Figure 61.

Section 1 in Figure 61 contains all the clones that have a significantly higher R than
the wild-type (not mutated) but lower overall DGDG activity. Section 2 contains those
clones that have both a higher R value and a higher DGDG activity than the wild type.
Section 3 contains clones that do not have a higher R value, but that do have a
significantly higher DGDG or PC activity.

If one is interested in variants with an increased activity towards DGDG then section 2
contains the most interesting variants and section 3 contains variants of interest as
well. The variants in Section 3 which show a large increase in hydrolytic activity may

be accompanied by a decrease in transferase activity.

One thing is worth noticing, if a specificity determining residue is hit, most of the 20
possible amino acids could yield a very different R value. However, if the library
contains a large bias towards a single amino acid (for example 60% is Tyrosine) then

all those variants will still lie on a straight line.

EXAMPLE 4 : Assays for PC and DGDG activity in a 384 well microtiter plate

Start material
e EM media
e Plate with transformants

e Plate with wild type
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384 plates

colony picker

Waco NEFA -C kit

PC and DGDG solutions in a 384 plate

Part 1 — picking colonies

Pick colonies into a 384 plate filled with EM medium
Skip 4 wells and inoculate those with colonies containing the non-mutated
backbone

Grow o/n at 30°C, 200 rpm shaking speed

Part 2 — Incubation on substrate

L J

Centrifuge the o/n grown plates; 2500 rpm, 20 min

Transfer 10 pl supernatant from each well to 2 empty 384 plates

Add 5l 12.5 mM DGDG to one of the plates, add 5 pl 12.5 mM PC to the
other plate

Incubate both plates 2 hrs at 37°C, shake at start to mix then stop the shaking
Continue with the NEFA C procedure

Part 3 — NEFA-C procedure

Add 10 pl A solution

Incubate 10 min 37°C, 300 rpm
Add 20 pl B solution

Incubate 10 min 37°C, 300 rpm
Read the plate at 550 nm

Substrate composition — in mM
25 mM PC eller DGDG

10 mM CaCl,

60 mM Triton X 100

15 mM NaNj,
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20 mM Briton Robinson pH 5.0

EXAMPLE 5 Selected variants

Determination of enzyme activity

To determine the enzymatic activity towards various substrates 4 il enzyme solution
was incubated with 11 pl substrate for 60 minutes at 37°C. Subsequently the amount
of free fatty acids was determined using the WACO NEFA-C kit. To the 15 pl
enzymetsubstrate mix 75 pl NEFA solution A was added and incubated for 15
minutes at 37°C. Subsequently 150 pul NEFA solution B was added and incubated for
15 minutes. Subsequently the optical density (OD) of the sample was measured at 550

nm.

As a control, from each variant 4 pl enzyme solution was incubated with 11 pl HEPES
buffer for 60 min at 37°C. Subsequently the amount of free fatty acids was determined
as described above. The OD values of this control sample was deducted from the

observed OD on each substrate to obtain a corrected activity.

Four different substrates were used, the composition was in general 30 mg lipid, 4.75
ml 50 mM HEPES buffer pH 7, 42.5 pl 0.6 M CaCl2, 200 pul 10% Triton X-100
H202-free. The 30 mg lipid was either phosphatidy] choline (PC), PC with cholesterol
ina 9 to 1 ratio, digalactosyl diglyceride (DGDG), or DGDG with cholesterol in a 9 to

1 ratio.

Selection of improved variants

Variants with improved activity towards PC

‘Those variants that showed an increase in the OD relative to the wild type enzyme

when incubated on PC were selected as variants with improved phospholipase activity.
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Variants with improved activity towards DGDG

Those variants that showed an increase in the OD relative to the wild type enzyme
when incubated on DGDG were selected as variants with improved activity towards
DGDG.

Variants with improved specificity towards DGDG

The specificity towards DGDG is the ratio between the activity towards DGDG and .
the activity towards phosphatidylcholine (PC). Those variants that showed a higher
ratio between DGDG and PC than the wild type were selected as variants with
improved specificity towards DGDG.

Variants with improved transferase activity with PC as the acyl donor

The difference in the amount of free fatty acids formed when one incubates an enzyme
on PC and on PC with cholesterol is an indication of the amount of transferase activity
relative to the amount of hydrolytic activity. Transferase activity will not cause the
formation of free fatty acids. The transferase preference is the ratio between the free
fatty acids formed when PC is used as a substrate and the free fatty acids formed when
PC with cholesterol is used as a substrate. Those variants that show an increase in the
transferase preference and show a higher than wild type activity towards PC were

selected as having improved transferase activity.

Variants with improved transferase activity with DGDG as the-acyl donor

The difference in the amount of free fatty acids formed when one incubates an enzyme
on DGDG and on DGDG with cholesterol is an indication of the amount of transferase
activity relative to the amount of hydrolytic activity. Transferase activity will not cause
the formation of free fatty acids. The transferase preference is the ratio between the
free fatty acids formed when DGDG is used as a substrate and the free fatty acids
formed when DGDG with cholesterol is used as a substrate. Those variants that show
an increase in the transferase preference and show a higher than wild type activity
towards DGDG were selected as having improved transferase activity.
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Selected variants

For each of the four selection criteria above a number of variants were selected.

The “wild type” enzyme in this example is 4. salmonicida (SEQ ID No. 28).

Variants with improved activity towards PC:

PC
Thr3Asn 158,0
Thr3GIn 151,5
Thr3Lys 141,5
Thr3Arg 133,0
Glu309Ala 106,0
Thr3Pro 101,5
Thr3Met 96,0
wild-type 86,5

Variants with improved activity towards DGDG:

DGDG
GIn182Asp 66,5
Glu309Ala 60
Tyr230Thr 59
Tyr230Gly 57,5
Tyr230Gly 51
Thr3Gln 445
wild-type 43,5

Variants with improved specificity towards DGDG:

R

peoerec | PC DGDG
GIn182Asp 1,02 65,5 |66,5
Tyr230Gly 0,79 72,5 {575
Tyr230Gly 0,78 65,0 |51,0
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Ty230Thr 075 [ 78,5 | 59,0
Ty230vVal | 0,71 | 58,0 |41.0
Aspl57Cys | 0,69 | 48.0 |33.0
Glu30%ro | 058 | 735 | 425
Gl309Ala [ 057 | 106,0 | 60,0
Ghy31slle | 053|695 |365
Ty230Atg | 050 | 635 |32.0
Ty230Met {050 | 645 |325
widgpe | 050 | 865 | 435

Variants with improved transferase activity with PC as the acyl donor:

Recichore | PC_ | PC+Cho
Thr3Lys 0,54 142 |76
Thr3Arg 0,55 133 |73
Thr3Gln 0,63 152 |96
Thr3Asn 0,64 158 | 101
Thr3Pro 0,67 102 |68
Thr3Met 0,78 9% |75
wild-type 0,83 87 |72

Variants with improved transferase activity with DGDG as the acyl donor:

RpGDG+Cnome

DG DGDG
Tyr230Thr 1,10 59
Gln182Asp | 1,39 67
Tyr230Gly 1,55 58
Glu309Ala 1,78 60
wild-type 1,78 44
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EXAMPLE 6: Transferase assay Phospholipid:cholesterol

Phospholipid can be replaced by DGIDG to provide a transferase assay from a

' galacolipid. Other acceptors for example, glycerol, glucose, hydroxy acids, proteins or

maltose can also be used in the same assay.

300 mg Phosphatidylcholine (Avanti #441601):Cholesterol(Sigma C8503) 9:1 is

scaled in a Wheaton glass. 10 ml 50 mM HEPES buffer pH 7.0 is added and stirring at

40 °C disperses the substrate

0,5 ml substrate is transferred to a 4 ml vial and placed in a heating block at 40 °C.

0.050 ml transferase solution is added, also a control with 0.050 ml water is analysed

in the same way. The reaction mixture is agitated for 4 hours at 40 °C. The sample is

then frozen and lyophilised and analysed by GLC.

Calculation:

From the GLC analysis the content of free fatty acids and cholesterol ester is
calculated.

The enzymatic activity is calculated as:

% Transferase activity=

A % cholesterol ester/(Mv sterol ester) x 100

A % cholesterol ester/(Mv cholesterol ester) +A % fatty acid/(Myv fatty acid)

% Hydrolyse activity=

A % fatty acid/(Myv fatty acid) x_100

A % cholesterol ester/(Mv cholesterol ester) +A % fatty acid/(Myv fatty acid)
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Ratio Transferase/Hydrolyse =% transferase activity/% Hydrolyse activity
Where:

A % cholesterol ester = % cholesterol ester(sample)-% cholesterol ester(control).
A % fatty acid = % fatty acid(sample) - % fatty acid(control).

Transferase assay Galactolipid:cholesterol.

300 mg Digalactosyldiglyceride (DGDG) (purity >95 galactolipids, the DGDG used is

purified from wheat lipid. DGDG from Sigma D4651 is also suitable for

use):Cholesterol(Sigma) 9:1 is scaled in a Wheaton glass. 10 ml 50 mM HEPES buffer

pH 7.0 is added and stirring at 40 °C disperses the substrate.

0,5 ml substrate is transferred to a 4 ml vial and placed in a heating block at 40 °C.

0.050 ml transferase solution is added, also a control with 0.050 ml water is analysed

in the same way. The reaction mixture is agitated for 4 hours at 40 °C. The sample is

then frozen and lyophilised and analysed by GLC.

Calculation:

From the GLC analysis the content of free fatty acids and cholesterol ester is
calculated.

The enzymatic activity is calculated as:

% Transferase activity= A % cholesterol ester/(My sterol ester) x 100

A % cholesterol ester/(Mv cholesterol ester) +A % fatty acid/(Mv fatty acid)

% Hydrolyse activity= A % fatty acid/(Myv fatty acid) x 100

A % cholesterol ester/(Mv cholesterol ester) +A % fatty acid/(Mv fatty acid)

Ratio Transferase/Hydrolyse =% transferase activity/% Hydrolyse activity

‘Where:
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A % cholesterol ester = % cholesterol ester(sample)-% cholesterol ester(control).
A % fatty acid = % fatty acid(sémple) - % fatty acid(control)

EXAMPLE 7: Variants of a lipid acyltransferase for Aeromonas hydrophila (SEQ ID
No. 26)

Mutations were introduced using the QuikChange™ Multi-Site Directed Mutagenesis

kit from'Str'atagene, La Jolla, CA92037, USA following the instructions provided by

Stratagene.

Variants at Tyr256 showed an increased activity towards phospholipids.

Variants at Tyr256 and Tyr260 showed an increased activity towards galactolipids.

Variants at Tyr265 showed an increased transferase activity with galactolipids as the

acyl donor.

The numbers indicate positions on the following sequence: An enzyme from
Aeromonas hydrophila the amino acid sequence of which is shown as SEQ ID No. 26.
The nucleotide sequence is as shown as SEQ ID No. 27.

EXAMPLE 8: Screening of mutants of glycerophospholipid:cholesterol

acyltransferase GCAT from Aeromonas salmonicida .

Mutants from point mutations of glycerophospholipiﬂ:cholesterol acyltransferase
GCAT from Aeromonas salmonicida were screened for transferase activity using
phosphatidylcholine or digalactosyldiglyceride as donor and cholesterol as acceptor
with the aim to select mutant with better activity towards digalactocyldiglyceride than
phosphatidylcholine.
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GCAT mutants were  screened  for transferase activity  using
digalactosyldiglyceride(DG) and phosphatidylcholine(PC) as donor and cholesterol as

acceptor.

DG (purity >95% digalactosyldiglyceride (DGDG used is purified from wheat lipid.
DGDG from Sigma D4651 is also suitable for use from Signma D4651),) and
cholesterol (Sigma C8503) was scaled in the ratio 9 :1 and dissolved in chloroform
and evaporated to dryness.

The substate was prepared by dispersing of 3% DG:Cholesterol 9:1 in 50 mM HEPES
buffer pH 7.

0,250 ml substrate was transferred to a 3 ml glass with screw lid. 0,025 ml supematant
from fermentation of mutant GCAT was added an incubated at 40 °C for 2 hours. A
reference sample with water instead of enzyme was also prepared. Heating the reaction

mixture in a boiling water bath for 10 minutes stopped the enzyme reaction.

2 ml 99% ethanol was added and submitted to cholesterol analysis as well as free fatty

acid analysis.

Cholesterol assay.

100 pl substrate containing:1.4 U/ml Cholesterol oxidase( SERVA Electrophoresis
GmbH cat. No 17109), 0,4 mg/ml ABTS (Sigma A-1888), 6 U/ml Peroxidase (Sigma
6782) in 0,1 M TRIS,HCI buffer pH 6.6 + 0,5% Triton X 100(Sigma X-100) was
incubated at 37°C for 5 minutes. 5ul cholesterol sample was added and mixed. The
reaction mixture was incubated for further 5 minutes and OD 405nm measured. The
content of cholesterol was calculated from the analyses of standard solutions of
cholesterol containing 0,4mg/ml, 0,3mg/ml , 0,20mg/ml, 0,lmg/ml, 0,05 mg/ml and 0
mg/ml.

Free fatty acid assay.
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{/

Free fatty acids in the sample was measured using a NEFA C kit ( WAKO Chemicals
GmbH)

75 ul NEFA reagent A was incubated for 10 minutes at 37 °C. 15 pl enzyme sample

was added and mixed. The reaction mixture was incubated forl0 minutes. 150 ul
NEFA reagent B was added, mixed and incubated for further 10 minutes and OD 540
nm was measured. Free fatty acid was calculated from standard solutions of 0.4, 0.3,
0.2, 0.1, 0.05 and 0 mM fatty acid.

Transferase assay using phosphatidylcholine as donor was measured in the same way,
but using phosphatidylcholine(Avanti #441601) instead of DG (DGDG).

Transferase activity was expressed as % cholesterol esterified calculated from the

difference in free cholesterol in the reference sample and free cholesterol in the

enzyme sample.

Hydrolytic activity was expressed as % firee fatty acid produced calculated from
the difference in free fatty acid in the enzyme sample and free fatty acid in the

reference sample.

The relative Transferase activity against DG and PC was calculated as % Toe/Tre.
The transferase activity Tpg relative to the hydrolytic activity Hpg on DG for the
mutants were calculated:

0.1 x %TDG /386 =0.1 x %TDG x 280
% HDG/280 % HDG x 386

Where 386 = MW for cholesterol and 280 = MW for fatty acid.

Mutants with Tpg >50% and Tpg/Tpc >3 and 0.1x %TpG /386 >2.5
% Hps/280

were selected as improved mutants,
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" The data obtained from the above example can be analysed via statistics to identify

and prioritise key sites and/or specific amino acid substitutions which provide the
desired activity profile, such as increased ration of Tpg as compared to Tpc. For

example, the following robust modeling is proposed:

The information regarding Tpc and Tpg is carried by the censored responses max(0,
Tpc) and max(0, Tps).The objective of the study is to identify settings determining Tpg
>=Tpc, based on the scores for In(l1+ Tpg)-In(1+ Tec) with positive values as
preference, both in absolute scale and in relative scale compared to a control (native).
The preferred settings are identified based on a binary response (Event, Non-Event),
where Event is defined as a preferred response in relation to the scores. A binomial
GLIM model with complementary log-log link, based on the empirical data structure
without prior information included, analyses the binary responses. See the following
reference for details of how to perform the statistical analysis: proc LOGISTIC in
SAS Institute Inc., SAS/STAT® User's Guide, Version 6, 4.Ed, Vol.2, Cary, NC: SAS
Institute Inc., 1989.

Variants with | Variants with | Variants with enhanced Tpg/ Hpg
increased Tpg/Tpc | enhanced DGDG | activity
transferase activity
Tpg
N80OP,G,orE Y179E,R,N,Q
K22 E, K S310Q,HorS - N215G S
G40 L S3E,A,G, KM, Y,|L210D,H,R,E, A,QP,NK,GR, |
N87R,D,E, M R,P,N, T,or Q T,W,LVorS
Y117 A, N, E, H,|-318R, S, E, H, Q,| N80G
T NorD Y30L
QI182K, T N2i15 L, G, V,Ror|N87G
M209 K, M Y HI80L T
L210N K82 S M209 Y
R211G R211D,Tor G
N215H S18G,MorT
Y2301 G40RorM
-318Y,HorS N83 W
N215H N87C,D,R,Eor G
L210D,Qor T
E309S,QorR
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H180K or Q

N8 N,RorD
1210 G, I, H, E,
M,S, W, V,A R,
N, :
S310A,P, T,H, M,
K,orG '
vii2C

Y30G, LL,S,E,
M,AorR
V290R,E,Hor A
Q289 RorN

K22 E

G40L

Y179V
M209L,K, M
L211G,Q,KorD
Y230V

S310P

Y179 R

HI180T

Q289 TorD
G40Q,LorV
N88 W

N87R orD

EXAMPLE 9: Selection of improved mutants of glycerophospholipid:cholesterol

acyltransferase GCAT from Aeromonas salmonicida.
The “parent” enzyme in this example is A. salmonicida (SEQ ID No. 28).

32 positions of GCAT from Aeromonas salmonicida (230 Tyr, 182 Lys, 3 Thr, 157
Asp, 310 Thr, 318 Gly, 309 Glu, 17 Leu, 111 Trp, 117 Tyr, 179 Tyr, 118 Leu, 215
Asn, 22 Lys, 290 Val, 289 Gln, 285 Met, 18 Ser, 23 Met, 180 His, 284 Lys, 181 Asn,
209 Met., 210 Leu, 211 Arg, 40 Gly, 81 Pro,112 Val, 80 Asn, 82 Lys, 88 Asn, 87 Asn

were screened according to the experimental outline in Example 8.
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Based on the results from the screening and the three selection criteria the following

mutants listed in the table 1 were selected.

Table 1
Position  Amino acid T,PC T, DG T,DG/T,PC H,PC H, DG
210 GLN 10,3 59,7 5,9 0,0 0,0
215 GLY 15,1 55,8 4,5 3,1 1,0
215 LEU 19,4 51,9 33 43 1,1
215 TYR 21,3 68,0 3,9 43 1,8
215 ARG 16,2 62,1 4,7 55 2,1
215 VAL 14,7 61,6 52 35 1,7
215 HIS 5,7 50,1 10,9 42 1,3
215 ASN 9,4 47,4 6,2 40 1,2

EXAMPLE 10: Selection of specific amino acid regions of interest for mutation of the
glycerophospholipid:cholesterol acyltransferase GCAT from Aeromonas salrnonicida.

From the pfam alignment (alignment 2; FIGURE 56) and overlay of the P10480 model
and 1IVN all amine acids in regions surrounding the glycerol molecule in the active
site of 1IVN were selected and used for defining regions of specific interest (loops).
(Numbers refer to the amino acids in the P10480 mature sequence (SEQ ID No. 2)):

Thr 20- Arg 41 (Loop 1,L1)

Ile 77- Leu 89 (Loop 2, L2)

Leu 118 — Asp 127 (Loop 3, L3)
Gly 146- Val 176 (Loop 4, L4)
Glu 208 — Trp 287 (Loop 5, L5)

The intervening regions (IVR) were named accordingly:

Ala1-Asp 19 (IVR1)
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Phe 42 —Lys 76 (IVR2)
Asp 90 - Tyr 117 IVR3)
Ala 128 — Asn 145 (IVR4)
Ser 177 — Ala 207 (IVR5)
Asp 288 — His 317 (IVR6)

The following table summarizes the allocation of preferred positions for mutation of
the glycerophospholipid:cholesterol acyltransferase GCAT from Aeromonas.
salmonicida. The results are based on experimental outlines as set out in Example 8-
10.

P10480 Preferable {10 A Preferred
amino acid | sites to regions for
positions produce methods of the
(SEQ ID No | variants invention
2) with
increased
TD(;/T PC
IVR1 | 1-19 1.17,S18
Loopl | 20-41 K22, G40, | K22, M23, G40 | Loopl
Y 30
IVR2 | 42-76
Loop2 | 77-89 N80, N87, | N80, P81, K82, | Loop 2
N8§8 N87,N88
IVR3 | 90-117 Y117, Will, V112, {IVR3
V112, All4, Y117
Wi11, IVR3 & 10A
All4, from active site.
Loop3 | 118-127 L118
IVR4 | 128-145
Loop4 | 146-176 P156
IVRS | 177-207 N181, Y179, HI180, | IVRS
Q182, N181
H180, IVRS & 10A
Y179 from active site.
Loop5 | 208-287 M209, M209, 1210, |Loop5
L210, R211, N215,
R211, K284, M285,|Loop 5 & 10A
N215, Q289, V290 from active site.
Y230
IVR6 | 288-317 Q 289, IVR 6
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V290, E309
S310, -318

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invention has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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CLAIMS

1. A method of producing a variant glycolipid acyltransferase enzyme comprising: (a)
selecting a parent enzyme which is a lipid acyltransferase enzyme characterised in that
the enzyme comprises-the amino acid sequence motif GDSX, wherein X is one or
more of the following amino acid residues L, A, V, L F, Y, H, Q, T, N, M or S; (b)
modifying one or more amino acids to produce a variant lipid acyltransferase; (c)
testing the variant lipid acyltransferase for transferase activity, and optionally
hydrolytic activity, on a galactolipid substrate, and optionally a phospholipid substrate
and/or optionally a triglyceride substrate; (d) selecting a variant enzyme with an
enhanced activity towards galactolipids compared with the parent enzyme; and
optionally () preparing a quantity of the variant enzyme.

2. A method according to claim 1 wherein the method comprises testing the variant
lipid acyltransferase for:

(i) transferase activity from a galactolipid substrate, and

(ii) transferase activity from a phospholipids substrate; and
selecting a variant enzyme, which when compared with the parent enzyme, has an

enhanced ratio of transferase activity from galactolipids compared with phospholipids.

3. A method according to claim 2 wherein the ratio of transferase activity from

galactolipids compared with phospholipids is at least 3.

4. A method according to any one of the proceedings claims comprising testing the
variant lipid acyltransferase for:

(a) transferase activity from a galactolipid substrate, and

(b) hydrolytic activity on a galactolipid substrate; and
selecting a variant enzyme with an enhanced ratio of transferase activity from
galactolipids compéred with its hydrolytic activity on glycolipids, compared with the
parent enzyme.
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5. A method according to claim 4 wherien the enhanced ratio of transferase activity on

galactolipids compared to hydrolytic activity on galactolipids is at least 1.5.

6. A method according to any one of the preceding claims wherein one or more of the
following amino acid residues identified by alignment with SEQ ID No. 2 is modified
compared with a parent sequence at any one or more of the amino acid residues

defined in set 2 or set'4 orset 6 or set 7.

7. A method according to any one of the preceding claims wherein the parent enzyme
comprises an amino acid sequence as shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID
No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16,
SEQ ID No. 18, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36,
SEQ ID No. 37, SEQ ID No. 39, SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45,

or an amino acid sequence which has at least 70% identity therewith.

8. A method according to any one of the preceding claims wherein the parent enzyme
is an enzyme which comprises the amino acid sequence shown as SEQ ID No. 2
and/or SEQ ID No. 28.

9. A method according to any one of the preceding claims wherein Preferably, the X of
the GDSX motif is L.

10. A method according to any one of the preceding claims wherein the method further
comprises one or more of the following steps: structural homology mapping or

sequence homology alignment.

11. A method according to claim 10 wherein the structural homology mapping

comprises one or more of the following steps:

a) aligning a parent sequence with a structural model (1IIVN.PDB) shown in Figure
52; '
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b) selecting one or more amino acid residue within a 10A sphere centred on the
central carbon atom of the glycerol molecule in the active site (see Figure 53); and
c) modifying one or more amino acids selected in accordance with step (b) in said

. parent sequence.

12. A method according to claim 10 wherein the structural homology mapping

comprises one or more of the following steps:

a) aligning a parent sequence with a structural model (1IVN.PDB) shown in Figure
52; o

b) selecting one or more amino acids within a 10A sphere centred on the central
carbon atom of the glycerol molecule in the active site (see Figure 53);

c) determining if one or more amino acid residues selected in accordance with step
(b) are highly conserved (particularly are active site residues and/or part of the
GDSx motif and/or part of the GANDY motif); and

d) modifying one or more amino acids selected in accordance with step (b), excluding

conserved regions identified in accordance with step (c) in said parent sequence.

13. A method according to claim 10 wherein the sequence homology alignment

comprises one or more of the following steps:

1) selecting a first parent lipid acyltransferase;

it) identifying a second related lipid acyltransferase having a desirable activity;

iif)  aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

iv)  identifying amino acid residues that differ between the two sequences; and

v) modifying one or more of the amino acid residues identified in accordance with

step (iv) in said parent lipid acyliransferase.

14. A method according to claim 10 wherein the sequence homology alignment may
comprise one or more of the following steps:

1) selecting a first parent lipid acyltransferase;

i) identifying a second related lipid acyltransferase having a desirable activity;
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iii)  aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

iv)  identifying amino acid residues that differ between the two sequences;

v) determining if one or more amino acid residues selected in accordance with
step (iv) are highly conserved (particularly are active site residues and/or part
of the GDSx motif and/or part of the GANDY motif); and

vi) modifying one or more of the amino acid residues identified in accordance with
step (iv) excluding conserved regions identified in accordance with step (v) in

said parent sequence.

15. A method according to any one of the preceding claims comprising modifying one
or more of the following amino acid residues: -318, N215, 1.210, S310, E309, H180,
N80, V112, Y30X (where X is selected from A, C,D,E, G, H, LK, L, M, N, P, Q, R,
S, T, V, or W), V290, Q 289, K22, G40, Y179, M209, L211, K22, P81, N87, Y117,
N181, Y230X (where X is selected from A, C,D,E,G,H,L K,L,M,N, P, Q,R, S, T,
V, or W), Q182.

16. A method according claim 15 comprising modifying one or more of the following
amino acid residues: -318, N215, 1.210, E309, H180, N80.

17. A method according to any one of claims 1-14 comprising modifying one or more
of the following amino acid residues: -318, N215, 1.210, S310, E309, H180, N80,
V112, Y30X (where X is selected from A, C,D,E,G, H, LK, L, M,N,P,Q,R, S, T,
V, or W), V290, Q 289, K22, G40, Y179, M209, L211, K22, P81, N87, Y117, N181,
Y230X (where X is selected from A,C,D,E,G,H, LK, L, M,N,P,Q,R,S, T, V, or
W), Q182, S3, K82.

18. A method according to any one of claims 1-14 comprising modifying one or more
of the following amino acid residues: Y230X (where X is selected from A, C, D, E, G,
HLKLMNPQR,S,T,V, or W), S310, Y179, H180, Q289, G40, N88, N87.
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19. A method according to any one of claims 1-14 comprising modifying one or more
of the following amino acid residues: Y179, N215, L210, N80, Y30X (where X is
selected from A, C,D,E,G,H, LK, L, M,N, P, Q,R, S, T, V, or W), N87.

20. A method according to any one of claims 1-14 comprising modifying one or more
of the following amino acid residues: Y179, N215, 1210, N80, Y30X (where X is
specifically selected from A, C, D, E, G, H, L K, L, M,N,P,Q,R,S, T, V, or W),
N87, H180, M209, R211, S18X (where X is specifically selected from A, C, D, E, F,
HLKLMNPQR,T, WorY), G40, N88, N87.

21. A varant glycolipid acyltransferase enzyme characterised in that the enzyme
comprises the amino acid sequence motif GDSX, wherein X is one or more of the
following amino acid residues L, A, V, L F, Y, H, Q, T, N, M or S, wherein the variant
has an enhanced activity towards galactolipids compared with the parent enzyme and
wherein the variant enzyme comprises one or more amino acid modifications
compared with a parent sequence at any one or more of the amino acid residues

defined in set 2 or set 4 or set 6 or set 7.

22. A variant glycolipid acyltransferase enzyme according to claim 21 wherein the
variant enzyme comprises an amino acid sequence, which amino acid sequence is
shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
SEQ ID No. 12, SEQ ID No. 14, SEQ ID No. 16, SEQ ID No. 18, SEQ ID-No. 20,
SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30,
SEQ ID No. 33, SEQ ID No. 34, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No. 39,
SEQ ID No. 41, SEQ ID No. 43 or SEQ ID No. 45 except for one or more amino acid
modifications at any one or more of the amino acid residues defined in set 2 or set 4 or

set 6 or set 7.

23. A variant glycolipid acyl transferase according to claim 21 or claim 22 wherein the
enzyme comprises one or more amino acid modifications at any one or more of the
following amino acids: -318, N215, L210, S310, E309, H180, N80, V112, Y30X
(where X is selected from A, C, D, E, G, H,L K, L, M,N,P,Q,R, S, T, V, or W),
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V290, Q 289, K22, G40, Y179, M209, 1211, K22, P81, N87, Y117, N181, Y230X
(where X is selected from A,C,D, E,G, H, LK, L, M,N,P,Q,R,S, T, V, or w),
V290, N87, Q182.

24. A variant glycolipid acyl transferase according to claim 23 wherein the enzyme
comprises one or more amino acid modification at any one or more of the following
amino acid residues: -318, N215, 1.210, E309, H180, N80.

25. A variant glycolipid acyl transferase according to claim 21 or claim 22 wherein the
enzyme comprises one or more amino acid modifications at any one or more of the
following amino acids: -318, N215, L210, S310, E309, H180, N80, V112, Y30X
(where X is selected from A, C, D, E,G, H, LK, L, M,N,P,Q,R, S, T, V, or W),
V290, Q 289, K22, G40, Y179, M209, L211, K22, P81, N87, Y117, N181, Y230X
(where X is selected from A, C,D,E, G, H, LK, L, M, N, P, Q,R, S, T, V, or W),
V290, N87, Q182, S3, S310,K82, E309.

26. A variant glycolipid acyl transferase according to claim 21 or claim 22 wherein the
enzyme comprises one or more amino acid modifications at any one or more of the
following amino acids: Y230X (where X is selected from A, C,D,E, G,H,, K, L, M,
N,P,Q,R,S, T, V, or W), S310, Y179, H180, Q289, G40, N88, N87.

27. A variant glycolipid acyl transferase according to claim 21 or claim 22 wherein the
enzyme comprises one or more amino acid modifications at any one or more of the
following amino acids: Y179, N215, 1210, N80, Y30X (where X is selected from A,
C,D,E.GH,LK,L,M,N,P,Q,R, S, T, V, or W), N§7.

28. A variant glycolipid acyl transferase according to claim 21 or claim 22 wherein

- the enzyme comprises one or more amino acid modifications at any one or more of the

following amino acids: Y179, N215, L210, N80, Y30X (where X is specifically
selected from A, C,D,E, G, H, LK, L, M, N, P, Q, R, S, T, V, or W), N87, H180,
M209, R211, S18X (where X is specifically selected from A, C, D, E,F,H,L K, L, M,
N,P,Q,R, T, Wor Y), G40, N88, N87.
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29. A variant glycolipid acyltransferase enzyme according to any one of claims 21-28
wherein the variant enzyme has an enhanced ratio of activity on galactolipids to either

phospholipids and/or triglycerides when compared with the parent enzyme.

30. A variant glycolipid acyltransferase according to any one of claims 21-29 wherein
the variant enzyme has a higher galactolipid transferase activity compared with its
galactolipid hydrolytic activity compared with the parent enzyme.

31. A variant glycolipid acyltransferase enzyme according to any one of claims 21-30
wherein the variant enzyme is an enzyme which comprises an amino acid sequence,
which amino acid sequence is shown as SEQ ID No. 2 or SEQ ID No. 28 except for
one or more amino acid modifications at any one or more of the amino acid residues

defined in set 2 or set'4 or set 6 or set 7.

32. Use of a variant glycolipid acyltransferase enzyme according to any one of claims
21-31 or obtained by the method according to any one of claims 1-20 in a substrate for
preparing a lyso-glycolipid, for example digalactosyl monoglyceride (DGMG) or
monogalactosyl monoglyceride (MGMG) by treatment of a glycolipid (e.g.
digalactosyl diglyceride (DGDG) or monogalactosyl diglyceride (MGDG)) with the
variant lipolytic enzyme according to the present invention or obtained by a method
according to the present invention to produce the partial hydrolysis product, i.e. the
lyso-glycolipid.

33. Use according to claim 32 wherein the substrate is a foodstuff.

34. A method of preparing a foodstuff the method comprising adding a variant
glycolipid acyltransferase enzyme according to any one of claims 21-31 or obtained by
the method according to any one of claims 1-20 to one or more ingredients of the
foodstuff.
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35. A method of preparing a baked product from a dough, the method comprising
adding a variant glycolipid acyltransferase enzyme according to any one of claims 21-
31 or obtained by the method according to any one of claims 1-20 to the dough.

36. Use of a variant glycolipid acyltransferase enzyme according to any one of claims
21-31 or obtained by the method according to any one of claims 1-20 in a process of
treating egg or egg-based products to produce lysophospholipids.

37. A process of enzymatic degumming of vegetable or edible oils, comprising treating
the edible or vegetable oil with a variant glycolipid acyltransferase enzyme according
to any one of claims 21-31 or obtained by the method according to any one of claims
1-20 so as to hydrolyse a major part of the polar lipids (e.g. phospholipid and/or
glycolipid).

38. Use of a variant glycolipid acyltransferase enzyme according to any one of claims
21-31 or obtained by the method according to any one of claims 1-20 in a process for
reducing the content of a phospholipid in an edible oil, comprising treating the oil with
said variant lipolytic enzyme so as to hydrolyse a major part of the phospholipid, and
separating an aqueous phase containing the hydrolysed phospholipid from the oil.

39. Use of a variant glycolipid acyltransferase enzyme according to any one of claims
21-31 or obtained by the method -according to any one of claims 1-20 in the
bioconversion of polar lipids (preferably glycolipids) to make high value products,
such as carbohydrate esters and/or protein esters and/or protein subunit esters and/or a

hydroxy acid ester.

40. An immobilised variant glycolipid acyltransferase enz.yme according to any one of
claims 21-31 or obtained by the method according to any one of claims 1-20..

41. A variant glycolipid acyltransferase enzyme generally as described herein with

reference to the figures and examples.
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42. A method generally as described herein with reference fo the figures and examples.
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Figure 1

SEQID No. 1

1 ivafGDS1Td geayygdsdg ggwgagladr Ltallrlrar prgvdvfnrg isGrtsdGrl

61 ivDalvallF laqgslglpnl pPYLsgdflr GANFAsagAt Ilptsgpfli QvqFkdfksg
121 vielrgalgl lgellxllpv ldakspdlvt imiGtNPlit saffgpkste sdrnvsvpef
181 kdnlrglikr Lrsnngarii vlitlvilnl gplGClPlkl alalassknv dasgclerln
241 eavadfneal relaiskled glrkdglpdv kgadvpyvDl ysifqdldgi gnpsayvyGF
301 ettkaCCGyG gryNynrvCG naglcnvtak aCapssylls flwangps ekGykavAea
361 1

Figure 2

SEQ ID No. 2

ADSRPAFSRIVMFGDSLSDTGKMYSKMRGYLPSSPPYYEGRFSNGPVWLEQLTNEF

PGLTIANEAEGGPTAVAYNKISWNPKYQVINNLDYEVTQFLQKDSFKPDDLVILWVGA

NDYLAYGWNTEQDAKRVRDAISDAANRMVLNGAKEILLFNLPDLGQNPSARSQKVV

EAASHVSAYHNOQLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPQNFGLSDQRNACY

GGSYVWKPFASRSASTDSQLSAFNPQERLAIAGNPLLAQAVASPMAARSASTLNCE
- GKMFWDQVHPTTVVHAALSEPAATFIESQYEFLAH

Figure 3

SEQ ID No. 3

1 mkkwfvcllg lialtvgaad trpafsrivm fgdslsdtgk myskmrgylp ssppyyegrf
61 sngpvwleql tkgfpgltia neaeggatav aynkiswnpk ygvynnldye vtqflgkdsf
121 kpddlvilwv gandylaygw ntegdakrvr daisdaanrm vlngakqill £nlpdlggnp
181 sarsgkvvea vshvsayhnk lllnlargla ptgmvklfei dkgfaemlrd pgnfglsdve
241 npcydggyvw kpfatrsvst drglsafspqg erlaiagnpl lagavaspma rrsasplace
301 gkmfwdgvhp ttvvhaalse raatfietqgy eflahg

Figure 4

' SEQID No. 4

1 mpkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra gypgvapgld algtgtdlvt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aigahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld
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Figure 5

SEQID No. 5

1 mpkpalrrvm tatvaavgtl algltdatah aapagatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra gypgvapgld algtgtdlivt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aiqahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld

- Figure 6
SEQ ID No. 6

1 mdyekfllfg dsitefafnt rpiedgkdqy algaalvney trkmdilqrg fkgytsrwal
61 kilpeilkhe snivmatifl gandacsagp gsvplpefid nirqgmvslmk syhirpiiig
121 pglvdrekwe kekseeialg yfrtnenfai ysdalaklan eekvpfvaln kafgqeggda
181 wqglltdglh fsgkgykifh dellkvietf ypqyhpknmq yklkdwrdvl ddgsnims
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Alignment of pfam00657.6 consensus sequence with P10480

P10480

P10480

P10480

P10480

P10480

P10480

P10480

P10480

28

75

101

107

149

182

227

2717

*->ivafGDSITAdg. .. cocecveronnn eayygdsdgggwgagladrL
iVHEGDSL+d+++  ++ +4+  HHHEE bhis+g W ML+ o+
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tall..rlrarprgvdvinrgisGrtsdGrlivDalvallFlagslglpn
+ 1 4 e dntd 4
PGLTiaNEAEGGPTAVAYNKISWNPK:

LpPYLsgdferANFAsagAtIlptsgpflinqudfksqvléqualg
o+
YQVINN

1llqellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrnvsvpe
l4+et+ +41 +++ X+ dlviH+GINDY ++ e
LDYEVTQFLQKDSFRPDDLVILWVGA&QY ———————— LAYGWNTEQDAKR

fkdnlrglikrLrsnngariivlitlvilnlgplGClPlklalalasskn
++d +H+444x+ ngat +++4nl+ 1G+ P+
VRDAI SDARNRMV-LNGAK~~~-= EILLFNLPDLGONPS~~—=———=~=—=—

vdasgclerlneavadfnealrelaiskledqlrkdglpdvkgadvpyvD
++4+4+ 4e +  +tatindil +la +qli+4grtddiid HH43
ARSQKVVERASHVSAYHNQLLLNLA---—- RQLAPTGMVKLFEIDKQFAE

lysifqdldgiqnpsayv.y....GFe.ttkaCCGyGgr.yNyn.Iv.CG
+  +ghit 4+ tabbbds HEE bhRadbbdbbed PR
MLRDPQNFGLSDQRNACYgGsyvwKPFaSRSASTDSQLSaFNPQeRLaIA

nag.1.c.nvtakac.npssyll.sflwangpsekGykavAeal(—’
+++ 1+  +ietatd 45+ +4E+4fwDHHpY  ddat e

74

100

106

148

181

226

276

GNPlLaQaVASPMAArSASTLNCeGKMFWDQVEPTTVVHAALSEPA 322

Alignment of pfam00657.6 consensus sequence with AARG0S804

ARGDS804

ARG09804

ARG09804

ARG09804

ARG09804

ARG09804

AAG03804

AAG0S804

28

75

89

103

145

182

223

273

*->ivafGDSITdg....ccvevencenn. eayygdsdgggwgagladrL
ivHEGDS14+d+++  ++ ++  FHHbddd +bdstg w4+ 4+ o+
IVMFGDSLSDTgkmyskmrgylpssppYYEGRFSNGPVWLEQLTRQF

tallrlrarprgvdvfnrgisGrtsdGrlivDalvallFlagslglpnLlp
+gt++ n + G+t
---------- PGLTIANEAEGGAT

PYLsgdf1rGANFAsagAtIlptsgpfliQvgFkdfksqvlelrqa....
+4+44+ + 44+ 4
---RVAYRKISWNpPkyq

..lgllqellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrnv
++1++et +41 +H+ k+ AIvHHHGENDS ++ 4+
vyNNLDYEVTQFLOKDSFKPDDLVILWVGARDY ——~—~—===. LAYGWNTEQ

svpefkdnlrqlikrLrsnngariivlitlvilnlgplGClPlklalala
++++++d HHH44r+ . ngat +++4+4+nl+ 16+ P+
DRRRVRDAISDARNRMV-LNGAK-~—~— QILLFNLPDLGQNPS—~==~+~

ssknvdasgclerlneavadfnealrelaiskledglrkdglpdvkgadv
++4+ +e + +ra+ndtl +la +qlt++gtii+idid
~——-ARSQORVVEAVSHVSAYHNKLLLNLA--—-— RQLAPTGMVELFEIDK

pyvblysifqdldgiqnpsayv.y....GFe.ttkaCCGyGgr.yNyn.r
4t g 4 A R 4R tEE 3R B T

OFAEMLRDPONFGLSDVENPCYdGgyvwKPFaTRSVSTDRQLSaFSPOeR

v.CGnag.1.c.nvtakac.npssy11.sflwangpsekGykavAeal
+ 44+ 1+ HHdtadd 45 A4 fwDHHpE Hat ed
LaIAGNP1LaQaVASPMARI SASPILNCeGRMFWDQVRPTTVVHAALSERA

74
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181
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NP_631558
NP_631558
NP_631558
NP_631558
FP_631558
NP_631558
NP_631558
NP_631558

NP_631558
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<=

pfam00657.6 consensus sequence with NP_631558

42

76

94

115

165

215

235

251

287
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+ HGH D+ + +

IADTTGAR—-~—- LTDVTCcGahAQ

AsagAtllptsgpfliQugFkdfksqvlelrgalgllgellrlilpvldak
+++ +H o+ 4+
TADETRAQYPGVAPQLDALGT

spdlvtimiGtNDl....ccvmeieas itsaffgpkstesdrnvsvp

+ dlvt+ iG4ND ++ + + ++ + +H + +tk + + b+
GTDLVTLTIGGNDNstfinaitacgtagvlSGGKGSPCKDRHGTSFDDEI
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Alignment of pfam00657.6 consensus sequence with CAC42140

CAC42140

CRC42140

CAC42140

CAC42140

CAC422140

CAC42140

CAC42140
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+++ ++ o+
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+ dlvt+ iGHND ++ + + ++ + ++ + +k +H+ o+
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P+ 1+ ++a n a¥r a
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ynrvCGnaglcnvtakaC.npssyll.sf1fwDgf. . .HpsekGykavhe

CAC42140

CaC42140

Alignment of

P41734

P41734

P41734

P41734

P41734

P41734

P41734

P41734

251

287

pfam0

6

44

56

71

112

149

i83

186

++aC+ p +++ + 1f + + + Hp++ G +Hde
—————————————— HDACeAPGTRRIePLLFGHSLVpVHPNALGERRMAE

alg—*
+
HT 288

0657.6 consensus sequence with P41734
+*->ivafGDS1Tdg. . ..eayygdsdgggwgagladrLtallrlrarprg
++fGDS4+T+ +++ + + d+ ga+l + + +1+
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EESEIR TR 5 TN 3 ++ k ++ + + r+ne +
YRIRPIIIGPGLVDRERKWH——~<—v—o—eomaax EKERSEEIALGYFRTNENF
adfnealrelaiskledglrkdglpdvkgadvpyvblysifqdldgignp
a+ al +la ++ +vp+v 1+++fg+ +g+Htt
AIYSDALAKLA~~——co—swmmem—a NEEKVPEVALNRKAFQQEGGDAWQ
sayvyGFettkaCCGyGgryNynrvCGnaglcnvtakaCnpssyllsflf
+ 1+
Q : LL
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Dg+B+s kGyk+++++1
TDGLHFSGRGYKIFHDEL 203

286

43
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Figure 8

A.sal 1 MERWFVCLLGLIALTVOAADTRPAFSRIVMFGEOSESDTGKMYSKMRGYLPSSPPYYEGRE 60
+ +
A.hyd -1  MKRWEVCLLGLVALTVOAADSRPAFSRIVMFEDSLSDTGKMYSKMRGYLPSSPPYYEGRE 60

A. sal 61 SNGPVWLEQLTKQFPGLTIANEAEGGATAVAYNKISWNPKYQVINNLDYEVTQFLOKDSE 120
++ +
A. hyd 61 SNGPVWLEQLTNEFPGLTIANEAEGGPTAVAYNKISWNPKYQVINNLDYEVTQFLOKDSF 120

A. sal 121 KPDDLVILWVGAND:YLAYGWNTEQDAKRVRDAISDAANRMVLNGAKQILLFNLPDLGQNP 180
+
A. hyd 121 KPDDLVILWVGANEYLAYGWNTBQDAKRVRDMSDAANRMVLNGAKEILLFNLPDLGQNP 180

A. sal 181 SARSQRVVEAVSHVSAYHNKLLLNLARQLAPTGMVKLFEIDRQFAEMLRDPQONFGLSDVE 240
+ + ++
A.hyd 181 SARSQKVVEAASHVSAYENQOLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDOR 240

A. sal 241 NPCYDGGYVWKPFATRSVSTDRQLSAFSPQERLAIAGNPLLAQAVASPMARRSASPLNCE 300
+ ++ + + + o+ + + +

A. hyd 241 NACYGGSYVWRPFASRSASTDSQLSAFNPQERLAIAGNPLLAQAVASPMAARSASTLNCE 300

A. sal 301 GKMFWDQVEPTTVVEAALSERAATFIETQYEFLAH 335
+ +
A. hyd 301 GKMFWDQVEPTTVVHAALSEPAATFIESQYEFLAR 335
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961

Figure 9

(SEQ ID No. 7)

ATGAARRRAT
AGCCGTCCCG
ATGTACAGCA
TCCAACGGGC
ARCGAGGCGG
TATCAGGTCA
PAGCCGGACG
AACACAGAGC
GTGCTGAACG
TCGGCCCGCA
CTGCTGCTGA
GACAAGCAGT
AACGCCTGCT
GACAGCCAGC
CTGGCCCAGG
GGCARGATGT
CCCGCCGCCA

GGTTTGTGTG
CCTTCTCCCG
AGATGCGCGG
CCGTCTGGCT
AAGGCGGACC
TCAACANCCT
ATCTGGTGAT
AGGATGCCAA
GCGCCAAGGA
GCCAGAAGGT
ACCTGGCACG
TTGCCGAGAT
ACGGTGGCAG
TCTCCGCCTT
CCGTCGCCAG
TCTGGGATCA
CCTTCATCGA

TTTATTGGGA
GATCGTGATG
TTACCTCCCC
GGAGCAGCTG
GACCGCCGTG
GGACTACGAG
CCTCTGGGTC
GCGGGTGCGC
GATACTGCTG
GGTCGAGGCG
CCAGCTGGCT
GCTGCGTGAT
CTATGTATGG
CAACCCGCAG
CCCCATGGCT
GGTCCACCCC
GAGCCAGTAC

7150

TTGGTCGCGC
TTTGGCGACA
TCCAGCCCCC
ACCAACGAGT
GCTTACAACA
GTCACCCAGT
GGCGCCAARCG
GACGCCATCA
TTCAACCTGC
GCCAGCCATG
CCCACCGGCA
CCGCAGAACT
AAGCCGTTTG
GAGCGCCTCG
GCCCGCAGCG

TGACAGTTCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGCCT
AGATCTCCTG
TCCTGCAARA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTGAAGCT
TCGGCCTGAG
CCTCCCGCAG
CCATCGCCGG
CCAGCACCCT

ACCACTGTCG
GAGTTCCTCG

TGCACGCCGC
CCCAacC

GGCAGCCGAC
TACCGGCAAG
GGGCCGCTTC
GACCATAGCC
GAATCCCAAG
AGACAGCTTC
CTATGGCTGG
CARCCGCATG
CCAGAACCCC
CCACAACCAG
GTTCGAGATC
CGACCAGAGG
CGCCAGCACC
CAACCCGCTG
CAACTGTGAG
CCTGAGCGAG

PCT/1IB2004/004378



WO 2005/066347

121
181
241

361
421
481
541
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" Figure 10

(SEQ ID No. 8)

ATGAAAAAAT
ACTCGCCCCG
ATGTACAGCA
TCCARCGGAC
ARCGAARGCGG
TATCAGGTICT
ALGCCGGACG
AATACGGAGC
GTACTGAACG
TCAGCCCGCA
CIGCTGCTGA
GACAAGCAAT
AACCCCTGCT
GACCGCCAGC
CTGGCACAGG
GGCAAGATGT
CGCGCCGCCA

GGTTTGTTTG
CCITCTCCCG
AGATGCGCGG
CCGTCTGGCT
RAAGGCGGTGC
ACAACAACCT
ATCTGGTGAT
AGGATGCCAA
GTGCCAAGCA
GTCAGAAGGCT
ACCTGGCACG

_TTGCCGAGAT

ACGACGGCGG
TCTCCGCCTT
CCGTTGCCAG
TCTGGGATCA
CCTTCATCGA

TTTATTGGGG
GATCGTGATG
TTACCTCCCC
GGAGCAGCTG
CACTGCCGTG
GGACTACGAG
CCTCTIGGGTC
GCGAGTTCGC
GATACTGCTG
GGTCGAGGCG
CCAGCTGGCC
GCTGCGTGAT
CTATGTGTGG
CAGTCCGCAG
TCCTATGGCC
GGTACACCCG
GACCCAGTAC

8/50

TTGATCGCGC
TTCGGCGACA
TCCAGCCCGC
ACCARAGCAGT
GCTTACARCA
GTCACCCAGT
GGTGCCAATG
GATGCCATCA
TTCAACCTGC
GTCAGCCATG
CCCACCGGCA
CCGCAGAACT
AARGCCGTTTG
GAACGCCTCG
CGCCGCRGCG
ACCACTGTCG
GAGTTCCTCG

TGACAGTTCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGTCT
AGATCTICCTG
TCTTGCAGAA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTARAGCT
TCGGCCTGAG
CCACCCGCAG
CCATCGCCGG
CCAGCCCCCT
TGCACGCAGC
CCCACGGATG

GGCAGCCGAC
TACCGGCARA
GGGCCGTTTC
GACCATCGCC
GARTCCCAAG
AGACAGCTTC
ATATGGCTGG
CAACCGCATG
CCAGAACCCG
TCACAACARG
GTTCGAGATC
CGACGTCGAG
CGTCAGCACC
CAACCCGLCTG
CAACTGTGAG
CCTGRGCGAG
A

PCT/IB2004/004378
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Figure 11

ATGCCGAAGE
GCCCTCGECC
GACTACGTCG
GCCARCCTGC
GGCECCCGEC
CAGTACCCGG
CTCACCATCG
GCGGGTETCC
GACGACGAGA
GCCAGGGCTC
GCCGACCCGT
GCCATCCAGG
TACGTGGACT
TGGATCGRAC
GAGCGGCECA

CTGCCCTTCG
TCACCGACGC
CCCTCGGEGA
TCICTCTGCG
TCACGGACGT
GCGTCGCACC
GCGGCAACGA
TCAGCGGCGG
TCGAGGCCAR
CCCACGCCAG
CCTCCTTICCE
CACACCTCAR
TCTCCGGGGT
CGCTGCTCTT
PGGCCGAGCA

CCGTGTCATG
CACCGCCCAC
CAGCTACAGC
CTCGARCGGCC
CACCTGCGGC
CCAGTTGGAC
CAACAGCACC
CAAGGGCAGC
CACGTACCCC
GGTGGCGGCT
GAAGCTCCCC
CGACGCGGTC
GTCCGACGGC
CGGGCACAGC
CACGATGGAC

9/50

ACCGCGACAG

GCCGCGCCCe
GCCGGCTCCG
AACTACCCCC
GCCGCGCAGA
GCGCTCGGCA
TTCATCAACG
CCCTGCARGG
GCGCTCRAGG
CTCGGCTACC
CTCGCCGCCG
CGGCGGGCCG
CACGACGCCT
CTCGTTCCCG
GTCCTCGGCC

TCGCCGCCGT
CCCAGGCCAC
GCGTCCTGCC
ACGTCATCGC
CCGCCGACTT
CCGGCACGGA
CCATCACGGC
ACAGGCACGG
AGGCGCTGCT
CGTGGATCAC
GTGACGTGCC
CCGAGGAGAC
GCGAGGCCCC
TCCACCCCAA
TGGACTGA

CGGCACGCTC
TCCGACCCTG
CGTCGACCCC
GGACACGACG
CACGCGGGCC
CCTGGTCACG
CTGCGGCACG
CACCTCCTTC
CGGCGTCCGC
CcceGeeace
CTACCTGCGG
CGGAGCCACC
CGGCACCCGC
CGCCCTGGGC

PCT/IB2004/004378



WO 2005/066347 PCT/IB2004/004378
10/50

Figure 12
(SEQ ID No. 10)

1 TPCAGTCCAGG CCGAGGACGT CCATCGTGTG CTCGGCCATG CGCCGCTCGC CCAGGGCGTT

61 GGGGTGGACG GGAACGAGGC TGTGCCCGAA GAGCAGCGGT TCGATCCAGC GGGTGCCGGG
121 GGCCTCGCAG GCGTCGTGGC CGTCGGACAC CCCGGAGAAG TCCACGTAGG TGGCTCCGGT
181 CTCCTCGGCG GCCCGCCGGA CCGCGTCGTT GAGGTGTGCC TGGATGGCCC GCAGGTAGGG
241 CACGTCACCG GCGGCGAGGG GGAGCTTCAG GAAGCAGGAC GGGTCGGCGG TGGCCGGGGT
301 GATCCACGGG TAGCCGAGAG CCGCCACCCT GGCGTGGGGR GCCCTGGCGC GGACGCCGARG
361 CAGCGCCTCC TTGAGCGCGG GGTACGTGTT GGCCTCGATC TCGTCGTCGA AGGAGGTGCC
421 GTGCCTGTCC TTGCAGGGGC TGCCCTTGCC GCCGCTGAGG ACACCCGCCG TGCCGCAGGC
481 CGTGATGGCG TTGATGARGG TGCTGTITGTC GTTGCCGCCG ATGGTGAGCG TGACCAGGTC
541 CGTGCCGGTG CCGAGCGCGT CCAACTGGGG TGCGACGCCC GGGTACTGGG CCCGCGTGAA
601 GTCGGCGGTC TGCGCGGCGC CGCAGGTGAC GTCCGTGAGG CGGGCGCCCG TCGTGTCCGC
661 GATGACGTGG GGGTAGTTGG CCGTCGAGCG CAGACAGAGC AGGTTGGCGG GGTCGACGGG
721 CAGGACGCCG GAGCCGGCGC TGTAGCTGTC GCCGAGGGCG ACGTAGTICCA GGGTCGGAGT
781 GGCCTGGGCG GGCGCGGCGT GGGCGGTGGC GTCGGTGAGG CCGAGGGCGA GCGTGCCGAC
841 GGCGGCGACT GTCGCGGTCA TGACACGGCG AAGGGCAGGC TTCGGCAT
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Figure 13
(SEQIDNo. 11)

ATGGATTACG
AGGCCCATTG
ACGAGRAAAR
ARAATACTTC
GGTGCCAACG
AATATTCGTC
CCGGGGCTAG
TACTTCCGTA
GRGGRRARAG
TGGCARCAAC
GACGAATTAT
TACARRCTGA

AGARGTTTCE
AAGATGGCAA
TGGATATTCT
CTGAGATTTT
ATGCATGCTC
ARATGGTATC
TAGATAGAGA
CCARCGAGAA
TTCCCTTCGT
TGCTAACAGA
TGAAGGTCAT
ARGATTGGAG

11/50

GTTATTTGGG GATTCCATTA
AGATCAGTAT GCTICTTGGAG
TCARAGAGGG TTCAAAGGGT
AAAGCATGAR TCCAATATIG
AGCAGGTCCC CAAAGTGTCC
TTTGATGAAG TCTTACCATA
GAAGTGGGAA AAAGAAAAAT
CTTTGCCATT TATTCCGATG
GGCTTTGAAT AAGGCGTTTC
TGGACTGCAC TTTTCCGGAA
TGAGACATTC TACCCCCAAT
AGATGTGCTA GATGATGGAT

CTGAATTTGC
CCGCATTAGT
ACACTTCTAG
TCATGGCCAC
CCCTCCCCGA
TCCGTCCTAT
CTGAAGAAAT
CCTTAGCARA
AACAGGAAGG
AAGGGTACAA
ATCATCCCAA
CTAACATAAT

TTTTAATACT
CAACGAATAT
ATGGGCGTITG
AATATTTTTG
ATTTATCGAT
TATAATAGGA
AGCTCTCGGA
ACTAGCCAAT
TGGTGATGCT
AMTTTTTCAT
AARCATGCAG
GTCTTGA

PCT/1B2004/004378
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Figure 14
(SEQID No. 12)
10 20 30 40 50 60

I I ! ! 1 |
MNLRQAMGAZA TAALALGLAA CGGGGTDQSG NPNVAKVQRM VVFGDSLSDI GTYTPVAQAV

70 80 90 100 110 120

! ] l | I I
GGGRFTTNPG PIWAETVAAQ LGVTLTPAVM GYATSVONCP KAGCEDYAQG GSRVIDENGI

130 140 150 160 170 180

1 | | 1 ) i
GHNGGAGALT YPVQOQLANF YAASNNTFNG NNDVVEFVLAG SNDIFFWTTA AATSGSGVIP

190 200 210 220 230 240

1 I ! } ! !
AIATAQVQOA ATDLVGYVKD MIAKGATQVY VENLPDSSLT PDGVASGTTG QALLHALVGT

250 260 270 280 290 300

I I ] j | I
FNTTLOSGLA GTSARIIDFN AQLTAAIONG ASFGFANTSA RACDATKINA LVPSAGGSSL

310 320 330 340
1 I t T
FCSANTLVAS GADQSYLFAD GVHPTTAGHR LIASNVLARL LADNVAR
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_Figure 15
(SEQID No. 13)

atgaacctgc gtcaatggat
tgegggggeg gtgggaccga
gtggtgttcg gcgacagecct
ggcggeggea agttcaccac
ctgggegtga cgctcacgee
aaggcegget gettcgacta
ggccacaacg gcggcegceggg
tacgecggececa gcaacaacac
agcaacgaca ttttcttctg
gccattgeca cggcccaggt
atgatcgecca agggtgcgac
ccggacggeg tggcaagegg
ttcaacacga cgctgcaaag
gcacaactga ccgcggcgat
cgggcectgeg acgccaccaa
ttctgetegg ccaacacget
ggcgtgcacc cgaccacggce
ctggcggata acgtcgcgea

gggcgecgee
ccagagcggce
gagcgatatce
caacccgggce
ggcggtgatg
tgcgcaggge
ggcgetgacce
attcaacgge
gaccactgcg
gcagcaggcece
gcaggtctac
cacgaccgge
cgggctggee
ccagaatgge
gatcaatgcc
ggtggcttec
cggccatege
ctga

13/50

acggctgece
aatcccaatg
ggcacctaca
ccgatctggg
ggctacgcca
ggctcgegeg
tacccggtte
aataacgatg
gcggecacca
gcgacggacc
gtgttcaacc
caggcgctgce
ggcacctecgg
gcctegtteg
ctggtgccga
ggtgcggace
ctgatcgcca

ttgccttggg
tcgecaaggt
ccececgtege
ccgagaccgt
ccteccgtgea
tgaccgatcc
agcagcagct
tegtettegt
gcggeteegg
tggtcggcta
tgcccgacag
tgcacgecget
cgégcatcat
gcttcgecaa
gcgecggegg
agagctacct
gcaacgtgct

cttggeecgeg
gcagcgecatg
gcaggcggtg
ggccgegcaa
gaattgccce
gaacggcatc
cgccaacttc
getggeegge
cgtgacgcce
tgtcaaggac
cagcctgacg
ggtgggcacy
cgacttcaac
caccagcgec
cagctcgetg
gttcgecegac
ggegegectg

PCT/IB2004/004378

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960

1020
1044
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Figure 16 (SEQ ID No. 14)

14/50

PCT/1B2004/004378

1 migsyvavgd sftegvgdpg pdgafvgwad rlavlladrr pegdftytnl avrgrlldgi
61 vaeqvprvvg lapdlvsfaa ggndiirpgt dpdevaerfe lavaaltaaa gtvlvttgfd
121 trgvpvlkhl rgkiatyngh vraiadrygc pvldlwslrs vgdrrawdad rlhlspeght
181 rvalragqal glrvpadpdqg pwpplpprgt ldvrrddvhw areylvpwig rrlrgessgd
241 hvtakgtlsp daiktriaav a

Figure 17 (SEQ ID No. 15)

1 gtgatcgggt cgtacgtggc ggtgggggac agcttcaccg agggcgtcgg cgacccegge

61 cccgacgggg cgttegtegg ctgggeccgac cggctcgeeg tactgctege ggaccggege
121 cccgagggcg acttcacgta cacgaacctc gocegtgecgeg gcaggetcct cgaccagatce
181 gtggcggaac aggtcccgeg ggtcogtcgga ctegeogeccg acctcgtcte gttcgeggeg

24

301
361
421
481
541
601
661
721
781

1 ggcggcaacg
ctggcggtgg
acccgggggg
gtccgegeca
gtccaggacc
cgggtggcge
cecctggecge
gcgegegagt
cacgtgacgg
gcctga

acatcatccg
cecgegetgac
tgcecegteet
tcgeegaceg
gcagggcgtyg
tgcgcgeggg
ccctgeecgee
acctggtgee
ccaaggggac

gcceggeace
cgcegeggece
caagcacctg
ctacggctgce
ggacgccgac
gcaggecetg
gcgeggecacyg
gtggatcggag
gctgtcgeeg

gatcccgacyg
ggaaccgtce
cgecggcaaga
cecggtgeteg
cggctgcacc
ggcctgcgeg
ctcgacgtcc
cgeccggetge
gacgccatca

aggtcgcega
tggtgaccac
tcgeccacgta
acctgtagtc
tgtecgeegga
tceceggecga
ggcgcgacga
ggggcgagtc
agacgcggat

gcggttcgag
cgggttcgac
caacgggcac
gctgcggage
ggggcacacc
ccctgaccag
cgtgcactgg
gtcgggegac
cgcegeggtg
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Figure 18
(SEQ ID No. 16)

1 mgtnpaytsl vavgdsfteg
61 ggivdeqvdv aaamgadvit
121 spgrqgpvle rfrprmealf
181 hrrvaeavwqg slghepedpe
241 sgdglpakrp dllpyedparx

msdllpdgsy
lvgglndtlr
aviddlagrh
whapipatpp

Figure 19 (SEQ ID No. 17)

1 atgcagacga accccgegta

61 atgtcggacc tgctgcccga
121 atggeggcce gctcoccccgg
181 ggacagatcg tcgacgagca
241 ctggtcggceg ggctcaacga
301 ctgctgacce aggccgtgga
361 agtcccggtc gecagggtcce
421 gecgtgateg acgacctgge
481 cagtcgetgg ccgacccteg
541 caccgeecggg tcgcoggagge
601 tggcacgcge cgatcccgge
661 gtccggttcg cccggcagca
721 tccggggacg gectgeegge
781 tga

caccagtctc
cggctcctac
cttceggtac
ggtggacgtyg
cacgctgegg
acggctcgcece
ggtgctggag
cgggcggceac
gatgtgggac
ggtgtggcag
gacgccgcecg
cctgctgcece
caagcgccecg

15/50

rgwadllatr
pkcé@marvrd
gavvvdlyga
pgwvtrrtad

gtcgecgteyg
cgtggcetgag
gccaacctgg
gcecgecgeca
cccaagtgceg
cecgcactgeg
cgcttecegge
ggcgecgtgg
gtggaccggc
tcgeteggeco
ccggggtggg
tggataggcc
gacctgctge

maarspgfry
lltgaverla
qsladprmwd
vrfarghllp

gcgactectt
ccgacctect
cggtgcgegg
tgggagccga
acatggcccg
agcagctggt
cccgecatgga
tcgtecgacct
tgcacctgac
acgagcccga
tgacgcgcag
gcaggctgac
cctacgagga

PCT/IB2004/004378

anlavrgkli
phceglvlmr
vdrlhltaeg
wigrrltgrs

caccgagggc
cgcecacccgg
gaagctgatc
cgtgatcacg
ggtgcgggac
getgatgege
ggcectgtte
gtacggggcc
cgccgaggge
ggacccegag
gaccgcggac
cgggegeteg
cccecgeacgg
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Figure 20 (SEQ ID No. 18)

121
181
241
301
361
421

ntrgrdggag
apastgawvg
vthasialaa
yspipsgpvt
afgdsitdga
padnpsglsr
lrvvgatitp
ydsgdhlhpg

apptkhrall
awatapaaae
gpdtaaaiad
ybpgargtsy
rsqgsdanhrw
fgrdvlertn
fggyggytea
dkgyarmgav

aaivtlivai
pgtettglag
tmrritfggs
ladgdrtadv
tdvlaarlhe
vkavvvvlgv
retmrqgevne
idlaalkgaa

Figure 21 (SEQ ID No. 19)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
B4l
901
961
1021
1081
1141
1201
1261
1321

atgacccggg
gcggegateg
gacgacggca
gccceegegt
ccgggcaccg
gtcggcggea
gtcacacacg
accatgcgce
gtgatgagcg
tactccceca
ctggccgacyg
tactggcget
gcgtteggeg
accgacgtee
tacagcgtcg
ccggecgaca
gtcaaggccg
gaccgcgacg
ctgcgggtcg
cgcgagacga
gtcgtegact
tacgacagcg
atcgacctgg

gtcgtgacgg
tcaccctgat
gcagggacca
ccaccggtge
agacgaccqgg
cecggegegeg
cctegatcege
ggctcacctt
acaccgcccg
tceegteegg
gcgaccgecac
acctgaccge
actccatcac
tecgecgeacg
tcaacgaggg
aceccgagegyg
tcgtegtegt
ccatectgac
tcggegecac
tgcggeagga
tcgacaagge
gecgaccacct
ccgegetgaa

gggtgcgggg
agtggcgatc
cqgcgetgcag
ctgggtgggce

cctggeggge
gatcaccctce
cctggeegec
cggcggeage
cctecgecatce
gceggtgace
ggcggacgtc
cctcgacgtg
cgacggegec
cctgecacgag
catcagcgge
actgagccgg
ccteggegtc
cggcctgege

gatcacgcecg.

ggtcaacgag
cctgegegac
gcaccccggce
gggegeggeg

16/50

saaiyagasa
rsvrovvhts
arviipaggq
tavayttptp
aagdgrdtpr
ndvlnspela
eirsgrvidt
pvka

gcgcececceeca
tcegeggeca
gcecggaggec
gcectgggeea
cgctcegtge
tcgaacctgt
gggcccgaca
gcecegggtga
ccctacgggg
taccatecgce
accgecegteg
ctgagccacg
cgectcgeaga
gcggcgggcey
aaccggcetec
ttccageggg
aacgacgtcc
accctegtcg
tteggegget
gagatccget
ccgtacgace
gacaaggggt
ccggtcaagg

ddgsrdhalqg
vggtgaritl
vmsdtarlai
ywryltaldv
ysvvnegisg
drdailtglr
vvdfdkalxrd

ccaagcaccg
tatacgccgg
gtctecccacg
ccgcaccggce
gcaacgtcgt
acgggcagtc
ccgcecgecge
tcatceegge
cgaacgtcct
aggcccggca
cgtacaccac
aggccgacgg
gcgacgccaa
acggccggga
tgaccagcag
acgtgctgga
tgaacagccc
accgggegea
acggcggeta
ccggeegggt
cgcgccggat
acgcgcgeat
cgtag

PCT/1B2004/004378

aggrlprgda
snlygqgsplt
pyganvivtt
lsheadgtvv
nrlltsrpgr
tlvdraharg
pydprrmrsd

tgccctgete
agcgtccgeg
aggagacgcc
cgcggeccgag
gcacacctecg
gccgetgace
gatcgccgac
gggcggccag
ggtcaccacg
gaccagctac
ccccacgeec
cacggtcgtg
ccaccgectgg
cacgccecge
gceggggegg
acgcaccaac
ggaactcgcc
cgceccgggga
caccgaggcc
cttcgacacyg
gcgctccgac
gggcgeggte
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Figure 22 (SEQ ID No. 20)

1
61
121
181
241
301

mtsmsrarva rriaagaayg gggiglagaa
yggtlptagd pplrlmmlgd staagggvhr
acsddldrqgv alvlaepdrv pdicvimvga
vvgtcpdlgt iervrgplrw larrasrqla
elfgpdnyhp saegyataam avlpsvcaal
eagtevaaam ptgprgpwal lkrrxrxrxvs

Figure 23 (SEQ ID No. 21)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
L g
961
1022

atgacgagca
ggcggeggca
ctggccagac
tacggcggca
tccacggecg
tccgggeteyg
gcgtgectegg
cccgacatct
cgctcggtge
gtggtcggea
ctggcecgge
ggcgggcgea
gagctcttcg
gcggtactge
gacgcgetge
gaggcgggta
ctgaagcgcce
tga

tgtcgaggge
tcggectgge
gcagggtggg
ccctgeecac
ccgggcaggg
cggcggtgge
acgacctygga
gegtgatcat
ggcacctgte
cctgtcegga
gggcctcacg
cggtgteget
gceceegacaa
ccteggtgtg
gccgegaggyg
cggaggtcge
ggagacggcg

gagggtggcg
gggagcggeg
ggtgggcacg
ggccggcgac
cgtgcaccgg
ggagcggecg
ccggecaggtg
ggtcggegee
ctcggcggta
cctgggceacg
gcagctcgeg
gggcgacctg
ctaccaccce
cgcegegete
cttcctgeeg
cgcecgecatg
tcgggtgteg

17/50

avglvvaevq
aggtpgalla
ndvthrmpat
aaqtigaveg
glwpadeehp
eaepsspsgv

cggcggatcg
gcggteggte
ccgacccggg
ccgeecgetge
gcecgggcaga
gtgcggetgg
gcgetggtgce
aacgacgtca
cggcggctge
atcgageggg
gcggcacaga
ctgggtccgg
tcegecgagg
ggcectgtgge
gtggcgegeg
cctacggggce
gaggcggaac

larrrvgvgt
sqglaavaerp
rsvrhlssav
ggrtvslgdl
dalrregflp

cggecggege
tggtggtggce
tgccgaacge
ggctgatgat
cgcegggege
ggtcggtcge
tcgecegagee
cccaccggat
gcacggccgg
tgecggeagee
ccatcggege
agttegegea
ggtacgccac
cggececgacga
cggcggegga
ctcgggggee
cgtecageece

PCT/1B2004/004378

ptrvpnaggl
vrlgsvagpg
rrlrtagaev
lgpefagnpr
varaaaeaas

ggcgtacgge
cgaggtgcag
gcagggactg
gctgggegac
gctgetggeg
ccagccgggg
ggaccgggtyg
gceggegace
tgcggaggtg
gctgegetgg
cgtcgagcag
gaacccgegg
ggccgcgatg
ggagcacceg
ggcggcgtee
ctgggegetg
gtceggegtt
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Figure 24 (SEQ ID No. 22)

1 mgrgtdgrtr

61 tspasvaavg
121 vtgarmadlt
181 klpkagvyvs
241 rvadynevlr
301 taknp

ygrrrarval
dsitrgfdac
agvtraagre
sipdlkrlws
evcakdrrexr

aaltaavlgv
avlsdcpevs
pelvavmaga
qgrtnplgkq
sddgavhefr

 Figure 25 (SEQ ID No. 23)

1 atgggtcgag

61 gccgccctga
121 gactcacccg
181 accagcccgg
241 gcggtgetgt
301 tcgctggecg
361 gtcaccgggg
421 ccggagctgg
481 atgacgccgg
541 aagctccceca
601 cagggccgca
661 ctgggcgacyg
721 cgggtggcgg
781 agcgacgacg
841 tggttccacc
901 accgcgaaga

ggacggacca
cegeecgeegt
ctcetteegg
cgtcegtege
cggactgeee
tacggctgct
cccggatgge
tggcggtgat
tggcggactt
aggcgecaggt
ccaacccgcet
cggactccct
actacaacga
gcgeggtgea
cgagtgtgga
atccctga

gcggacgcegg
cctgggegtg
cagccegteg
cgecgtggge
ggaggtgtcg
ggggaaggcg
ggacctgacc
ggccggggcg
ccgggegeag
gtacgtgtcg
gggcaagcag
ggactcggcg
ggtgctgcgg
cgagttccgg
cggccaggee

18/50

gvagcdsvgg
watgssakvd
ndacrsttsa
vwklglcpsm
fgtdqlshwd

tacggecegte
ggegtggegg
aagcggacga
gactccatca
tgggcgaccg
gacgcggeceg
gctcaggtga
aacgacgegt
ttcgaggagg
agcatcccygg
gtgtggaage
gcgaccctge
gaggtctgeg
ttcggecacyg
cggctggegg,

dspapsgsps
slavrllgka
mtpvadfraq
lgdadsldsa
wfhpsvdgqga

gccgggegeg
gctgcgactc
ggacggegec
cgcgeggctt
gcagcagcgc
agcacagctg
cgcgggcgge
gccggtccac
cgatggccac
acctcaagcg
tcggectgtg
ggcgcaacac
cgaaggaccg
accagttgag
agatcgccta

PCT/1B2004/004378

krtrtapawd
daaehswnya
feeamatlrk
atlrrntvrd
rlaeiayrav

tgtegegete
cgtgggegge
cgcetgggac
cgacgcctgt
gaaggtcgac
gaactacgecg
gcagcgcgag
gacctcggeg
cctgcgcaag
gctctggtec
ccegtegatg
ggtgcgcgac
gcggtgeege
ccactgggac
ccgegeggte
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Figure 26 (SEQ ID No. 24)

1 mrlsrraata sallltpala
61 ckrstksypa lwaashtgtx
121 adtmttecnlg gesaclaria
181 lggscavgls eksraainaa
243 vtlpvensyh ptanggskqgy

lfgasaavsa
fnftacsgar
karayigqtl
addinavtak
lpvlnsat

Figure 27 (SEQ ID No. 25)

121
181
241
301
361
421
481
541
601
661
721
781
841
%01
961
1021

ttcatcacaa
gacaagcctt
gggaggttcc
ggcgectegeg
ctacgtggece
cagtggctcc
cggtacgcgg
gcagctgace
cgegggctte
gcggategee
ctacgacgce
cttctacaag
caacgccgcec
cgecctteggg
gctgcacage
caagggctac
cgaagtcccg
gceggtggee

cgatgtcaca
cccgtgacga
atgagactgt
ctctteggeg
ctcggegact
tgtaagecgca
ttcaacttca
ceggtcaact
gcecgacacca
aaggcgcgeg
atcgacagee
ctgggcggea
gccgacgaca
gacgtcaaca
gtcaccette
ctgcecgtee
cecceegggeyg
ccgecgtacyg

acaccggeca
aagggtcctg
ccecgacgege
cgagcgcecege
cctactecte
gcaccaagtc
ccgectgtte
ccggeaccga
tgaccacctg
cctacatcca
gggccccege
gctgegeegt
tcaacgeegt
cgaccttcge
ccgtggagaa
tgaactcege
gggcttcgee
tgcegecgece

19/50

prigatdyva
tgdvlakqlt
paqldqgvyda
raadhgfafg

tccgggtceat
ctacatcaga
ggccacggcg
cgtgtcegeg
dgggggtcgge
ctacccggee
gggcgeccge
cctggtceage
caacctccag
gcagacgctyg
agcccaggte
cggtctctcg
caccgccaag
cgggcacgag
ctcctaccac
cacctgatct
gtaggtgcge

‘cccggacgeg

lgdsyssgvg
pvnsgtdlvs
idsrapaagv
dvnttfaghe

ccctgategt
aatgacagaa
teccgegetece
ccgegaatce
gcgggcaget
ctgtgggecyg
acaggagacg
attaccatcg
ggcgagageg
cccgeecage
gtcgtecetgg
gagaagtcce
cgcgeccgecg
ctgtgctccg
cccacggeca
cgecggetact
gtaccgcegt
gtcggttc

PCT/1B2004/004378

agsydsssgs
itiggndagf
vvlgyprfyk
lcsgapwlhs

gggaatgggt
atcctgcetea

tcetecacece
aggccaccga
acgacagcag
cctegeacac
tgctggccaa
gcggcaacga
cgtgeetgge
tggaccaggt
gctaccecgeg
gegeggecat
accacggctt
gcgeccectg
acggacagtc
ccgeccectga
cgcecgtege
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Figure 28 (SEQ ID No. 26)

1

51
101
151
201
251
301

MREKWFVCLLG LVALTVORAD SRPAFSRIVM FGDSLSDTGK MYSRMRGYLP
SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
YOVINNLDYE VTQFLQKDSF KPDDLVILWV GANDYLAYGW NTEQDAKRVR
DAISDAANRM VLNGARQILL FNLPDLGQNP SARSQRVVEA VSHVSAYHNQ
LLLNLARQLA PTGMVKLFEI DKQFAEMLRD PONFGLSDVE NPCYDGGYVH
EPFATRSVST DRQLSAFSPQ ERLATAGNPL LAQAVASPMA RRSASPLNCE
GKMFWDQVHP TTVVHAALSE RAATFIANQY EFLAH*

PCT/IB2004/004378
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Figure 29 (SEQ ID No. 27)

51
101
151
201
251
301

351

451
501
551
601
651
701
751
801
851
901
951

1001

ATGARAARAAT GGTTTGTGTG TTTATIGGGA TTGGTCGCGC TGACAGTTCA
TACTTTTTTAR CCAARCACAC AAATAACCCT AACCAGCGCG ACTGTCAAGT

GGCAGCCGAC AGTCGCCCCG CCTTTTCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TCAGCGGGGC GGAAAAGGGC CTAGCACTAC AAGCCGCTGT

GCCTCTCCGA TACCGGCAAA ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTFTC TCCAACGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCAAAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAACAGT TCCCGGGTCT GACCATCGCC AACGARGCGG
CCTCGTCGAC TGGTTTGTCA AGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

AAGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GRATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGAC CTTAGGGTTC

TATCAGGTCA TCAACAACCT GGACTACGAG GTCACCCAGT TCTTGCAGAA
ATAGTCCAGT AGITGTTGGA CCTGATGCTC CAGTGGGTCA AGAACGTCTT

AGACAGCTTC ARGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGARG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCIGGC CTATGGCTGG AACACGGAGC AGGATGCCAR GCGGGTTCGC
TGATAGACCG GATACCGACC TTGTGCCTCG TCCTACGGTT CGCCCAAGCG

GATGCCATCA GCGATGCGGC CAACCGCATG GTACTGAACG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTTGGCGTAC CATGACTTGC CACGGTTCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGAACCCG TCAGCTCGCA
CTATGACGAC AAGTTGGACG GCCTAGRCCC GGTCTTGGGC AGTCGAGCGT

GTCAGARGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACARACCAG
CAGTCTTCCA CCAGCTCCGC CAGTCGGTAC AGAGGCGGAT AGTGTTGGTC

CTGCTGCTGA ACCTGGCACG CCAGCTGGCC CCCACCGGCA TGGTAAAGCT
GACGACGACT TGGACCGTGC GGTCGRCCGG GGGIGGCCGT ACCATTTCGA

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA AACGGCTCTA CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

AAGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TTCGGCAAAC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGTTGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
GGCARCGGTC AGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCAAGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC RCGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGC GAACCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCG CTTGGTCATG CTCAAGGAGC

CCCAC TGA
GGGTG ACT

PCT/1B2004/004378
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Figure 30 (SEQ ID No. 28)

.51
101
151
201

251

301

MRKWEVCLLG LIALTVQARD TRPAFSRIVM FGDSLSDTGK MYSKMRGYLP
SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
YOVINNLDYE VTOFLOKDSF KPDDLVILWV GANDYLAYGW NTEQDAKRVR
DAISDAANRM VLNGARQILL FNLPDLGONP SARSQKVVEA VSHVSAYHNK
LLLNLARQLA PTGMVRLFEI DRKQFAEMLRD PONFGLSDVE NPCYDGGYVW
RPFATRSVST DROLSAFSPQ ERLAIAGNPL LAQAVASPMA RRSASPLNCE
GKMFWDQVHP TTVVHAALSE RAATFIETQY EFLAHG*
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Figure 31 (SEQ ID No. 29)
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ATGARAARAT GGTTTGTTTG TTTATTGGGG TTGATCGCGC TGACAGTTCA
TACTTTTITA CCAAACAAAC ARATAACCCC ARCTAGCGCG ACTGTCAAGT

GGCAGCCGAC ACTCGCCCCG CCTTCTCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TGAGCGGGGC GGAAGAGGGC CTAGCACTAC AARGCCGCTGT

GCCICTCCGA TACCGGCAAA ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTTTC TCCAACGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCARAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAGCAGT TCCCGGGTCT GACCATCGCC AACGAAGCGG
CCTCGTCGAC TGGTTCGTCA AGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

AAGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GAATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGAC CTTAGGGTTC

TATCAGGTCA TCAACAACCT GGACTACGAG GTCACCCAGT TCTTGCAGAA
ATAGTCCAGT AGTTGTTGGA CCTGATGCTC CAGTGGGTCA AGARCGTCTT

AGACAGCTTC ARGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGAAG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCTGGC ATATGGCTGG AATACGGAGC AGGATGCCRA GCGAGTTCGC
TGATAGACCG TATACCGACC TTATGCCTCG TCCTACGGTT CGCTCAAGCG

GATGCCATCA GCGATGCGGC CAACCGCATG GTACTGARCG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTTGGCGTAC CATGACTTGC CACGGTITCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGAACCCG TCAGCCCGCA
CTATGACGAC AAGTTGGACG GCCTAGACCC GGTCTTGGGC AGICGGGCGT

GTCAGARAGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACAACAAG
CAGTCTTCCA CCAGCTCCGC CAGTCGGTAC AGAGGCGGAT AGIGTTGTTC

CTGCTGCTGA ACCTGGCACG CCAGCTGGCC CCCACCGGCA TGGTARAGCT
GACGACGACT TGGACCGTGC GGTCGACCGG GGGTGGCCGT ACCATTTCGAR

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA AACGGCTCTA CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

AAGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TTCGGCARAC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGITGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CRAACTGTGAG
GGCAACGGTC AGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCARGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC ACGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGA GACCCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCT CTGGGTCATG CTCARGGAGC

CCCACGGATG A
GGGTGCCTAC T
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Figure 32

satfl
R.sol
Consensus

satf
R.sol
Consensus

satf
R.sol
Consensus

satf
R.sol
Consensus

sath
R.sol
Consensus

sath
R.sol
Consensus

satf
R.sol
Lonsensus

1 10
I

20 30 40 50

$ +- » ¥ ]
HDTRPHFSRI?hFGﬂSLSDTBKHYSKHRGTLPSSPPYYEGRFSH—-G
QSGHPHVHK?QRN??FGDSLSDIGT-—-—-—YTP?HQHVGGGKFTTHPG
...adnraaqui?nFGﬂSLSDiﬁk.......YlPsaqaggeGran..G
M 60 70 90 100
1 $ 4 ¥ 4 |
P?HLEQLTKQFPGLTIHHEHEGGHTHVHYHKISHHPKYQ?IHHLDYEVTQ
PIHRET?HHQL-G?TLTPH?HGYHTSVQHCPKBGCFDYHQGGSR?TDPHG
P!uaquaaﬂl.GlTianaaeGgHTa?annkiagnfd?aqgnnrdb8pnq

110 150

101 120 130 140
l + + + 1

FLOKDSFKPDDLYILHYGARDYLAYG—HH TEQDAKRVRDALSORARRIY
IGHHGGRGHLTYPVQQQLHHFYHHSHHTFHGHHD??F?LHGSHDIFFHTT
igqndgagaddlp!qqqgﬂHdYaﬂsn..fﬂg##ﬂakr?raainﬂaanrnt
160 170 180 190 200
I ¥ $ + + |
LHEHKQILLFHLPDLGQHPSRRSQK??EHUSH?SHYHHKL—LLHLHRQLH
RHHTSGSGVTPRIHTBQVQQRHTDL?GY?KDHIRKGHTQ?YVFHLPDSSL
aaaakqiglfnaiala&nqqﬂas#lVgeakdh!aaganql.llHLarqla
201 210 220 230 250
} $ $ 3 3 ]
PTGH?KLFEIBKQFREHLRDPQHFGLSDVEHPCYDGGY?HKPFHTRSVST

TPBGvHSGTTGQHLLHHLVBTFHTTLQSGLHGTSHRIIDFHHQLTHHIQH
ppdg?algeidqalaeaerpqﬂfqudgeagcsargidfnaanaa!qn
251

270 280 230 300
1 +

$ + + i
BRQLSRFSPQERLHIBG—-RPLLHQHVHSPH——-RRRSHSPLHCEGKHFH
GHSFGFHHTSHRHCDHTKIHHL?PSHGGSSLFCSRHTL?HSGHBQSTLFH
daqlgaanpqaRaang..HaLlaquaSp$...Hrrlaapgad#gk@Fa

301 310 320 330
] + + I
DOYHPTTYVHARLSERARTFIETQYEFLAH
BGVHPTTAGHRLIASHYLARLL A~~DHYAH
BqVHPTTagHaaiaeraaariea. . #nlAH

80

151

240

260

PCT/1B2004/004378



WO 2005/066347 . PCT/1B2004/604378

25/50

Figure 33

A\ 4
Pfam - *~>ivafGDS1ltdggg.....eneennn ..ayygdsdgggwgagladrltsla..rlrargrgvdv
Sriml 38 ~ YVALGDSYSSGVG.........o--.- agSYDSSSGSCKRSTKSYPALWAAS. .-~—~-HTGTRF 81
Scoel 5 YVAVGDSFTEG~=.....c00ncennvs —=-VGDPGPDGAFVGWADRLAVLL. . ADRRPEGDFTY 47
Scoe2 10 LVAVGDSFTEG—-.....c0ccvevences —-MSDLLPDGSYRGWADLLATRM, . ~~RARSPGFRY 50
Scoe3 239 VVAFGDSITDG——.....cc0vneeven ARSQSDANHRWTDVLARRLHEAA . .GDGRDTPRYSV 283
Scoe4 75 LMMLGDSTAAG~~...... R R RS Sututenatt QGVHRAGQTPGALLASG. . LAAVAERPVRL 113

Scoe3 66 VARVGDSITRGED: .. 2 essss+s.-2CAVLSDCPEVSWATGSSAKVDSLAVILLGKADARAERS 116
Ahydl 28 IVMFGDSLSDTGRmys kmrgylpssppyYEGRFSNGPVWLEQLTNEFPGLTiaNEAEGGPTAVA 91
Asall 28 IVMFGDSLSDTGKmys kmr gyl pssppyYEGRFSNGPVWLEQLTRQF-—==, .=====~-PGLTI 79
Ahyd2 40 IVMFGDSLSDTGRmyskmrgylpssppyYEGRFSNGPVWLEQLTROFPGLTiaNEAEGGATAVA 103

Pfam InrgisGrtsdGrivvDarlvatllFlagflGlnlpPYLsgdfl1rGANFAsagAtIlgtslipFini
Sriml 82 NFTACSGAR 20
Scoel 48 TNLAVRGRL 56
Scoe2 51 ANLAVRGKL : 58
Scoe3 284 VNEGISGHNR: 292
Scoed 114 GSVAQPGAC 122
Scoe5 117 WNYAVTGAR: : 125
Ahydl 92 YNKISVINPK: 100
Asall 80 ANEAEGGAT 88
Rhyd2 104 YNKISWNPK 112
v
Pfam 1gllgellrlvpvldakspdlvtimiGtNDl...ltvakfgpks
Sriml --—TGDVLAKQLTPVNSGTDLVSITIGGNDAgfaD’INTTCN‘LQG 131
Scoel --LDQIVAEQVPRVVGLAPDLVSFAAGGNDI. ., .-—-——-T ——~~ 86
Scoe2 -~IGQIVDEQVDVARAMGADVITLVGGLNDT. . .~~~~=~———— 88
Scoe3 DNPSGLSRFQRDVLERTNVKAVVVVLGVNDV. . . —~=—=—m— 333
Scoe4 SDDLDRQVALVLAEPDRVPDICVIMVGANDYV. .. 153
Scoe5 3 ~~~MADLTAQVTRAAQREPELVAVMAGANDA. . .- —=CR 155
Ahydl 101 ----——————m—m YQVI...... NNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . .~~~~—~—~LA 137
Asall 89 ——-—---AVAYNKISWNpkyqvyNRLDYEVTQFLOKDSFKPDDLVILWVGANDY...————-—~—-LA 137
Ahyd2 113 ——=—--m— e YOVI...... NNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . .--=---—~~LA 149
Pfam = ....... tksdrnvsvpefrdnlrklikrLrsangariiilitlvllinlipl........... P1GC1
Sriml 132 esaclarIAKARAYIQQTLPAQLDQVYDAIDSRAPAA—————QUVVLGYP=. . .0 u.en. . ——~mm 176
Scoel 87 ....... —~~RPGTDPDEVAERFELAVAALT-ARRGTVLVTTGEDTRGVP~. . oo vveen.. ———-= 125
Scoe2 B89 .......—=m—m———s LRPKCDMARVRDLLTQAVERLAPHCEQLVIMRSP-. . v vuvueye—=m—m—mm 122
Scoe3 334 ....... LNSPELADRDAILTGLRTLVDRAHARGLRVVGATITPEFGGYGG=. v v cuenn .. —~——-= 376
Scoeq 154 ....... —~~THRMPATRSVRHLSSAVRRLR-TAGAEVVVGTCPDLGTIE=. . e cvevus o= m—mmm 192
Scoe5 156 ....... STTSAMI’PVADFRAQFEEAMATLR—KKLPKAQVYVSSIPDLK.RstqgrtnplngVWKL 214
Ahydl 138 ....... YGWNTEQDARRVRDAI SDAANRMV~-LNGAK~——~— EXYLLFNLP-.....c00roem———— 174 -
Asall 138 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGAK-~~~~QILLFNLP~. . ......... ——--- 1724
Rhyd2 150 ....... YGWNTEQDRRRVRDAT SDAANRMV-LNGAK~———~ QILLENLP~-...... P i 186
Pfam pq klalalassknvdatgclerlneavadynealrelaei.ek.1.q.aqlrkdglpdlkeanvpy
Sriml 177 --.REYKLGGSCAVGLSEKSRAAINAAADDINAVTAKRA--.~—.—.—. ~=—====~-=—~ADHGFAF 219
Scoel ——mmmese e e e VLKHLRGKIATYNGHVRAIA~~.-—,~,~,==—===—————DRYGCPV 152
Scoe2 154
Scoe3 377 --. YTEARETHRQEVNBEIRSGRVPDTVVDFDKALRDPY-- ————.—. 412
Scoe4 193 -~ RVRQPLRWLaRRaSrQlAAAQI‘IGAVEQGGRTVSL 227
Scoe5 215 GIcPSHLGDADSLDSAATLRRNTVRDRVADYNEVLBBVC—- .- MDRRCRSDDGAVHEFRFGT 273
Ahydl 175 --.--—DLGONPSRARSQKVVEAASHVSAYHNOLLLNLA--.--.~.-.RQLAPTGMVKLFEI DRQF 224
Asall 175 --.----DLGONPSARSQKVVEAVSHVSAYENKLLLRLA—~,--.-.—-, ROLAPTGYVELFEX DRQF 224
Ahyd2 187 --.----DLGONPSARSQKVVEAVSHVSAYHNQLLLNLA--.--.~-.~,RQLAPTGMVRLFEI DROF 236
Pfam VDlysifqdldgignpsayv.y....GFeet.kaCCGyGgr.yNyn.rv.CGnag.l.ck.vt akaC
Sriml 220 GDVNT-- [N . .-TFAgGHE1CSGAPWL.BS . VI ———- 242
Scoel 153 LDLWSLRSVQDRRA: et e . . 166

Scoe2 155 VDLYGROSLADPRM e . - m———— i me e 1§68
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Scoe3 413 fTeeene . s . . 413
Scoe4 228 GDLLGPEFAQNPREL: e eee . am————_—— e 242
Scoe5 274 DOL [ pmm——— e e mmeme— 276

Ahydl 225 AEMLRDPONFGLSDQRMACYgGSYvWKPFASISASTDSQLSaFNPQeRLaIAGNP1LaQAvVASEMAA 251
Asall 225 AEMLRDPONFGLSDVENPCYdGgyvwKPFATrSVSTDRQLSaFSPQeRLaIAGNP1LaQAVASPMAR 291
Ahyd2 237 AEMLRDPQNFGLSDVENPCYdGgyvwKPFATIrSVSTDRQLSaFSPQeRLaIAGNP1LaQAVASPMAR 303

v

Pfam .dassyll.atlfwDgf.BpsekGykavAeal<-*

Sriml 243 .--——-=--.--LPVENSYBPTANGQSKGYLPV 263
Scoel 167 .--«—~=~_, ~-WDADRL.HLSPEGHTRVALRA 186
Scoe2 169 .-=—---—— .—~WDVDRL . HLTAEGHRRVAEAV 188
Scoe3 413 .-DPRRMRsDYDSGDHL.HPGDRGYARMGAVI 441
Scoed 243 .--——---— .-—FGPDNY . HPSAEGYATAAMAV 262
scoe5 277 -—————-— .~—SHWDWF . HPSVDGQARLAEIA 296

Ahydl 292 rSASTLNCeGKMFWDQV.HPTTVVHAALSEPA 322
Asall 292 rSASPLNCeGKMFWDQV.HPTTVVHAALSERA 322
Ahyd2 304 rSASPLNCeGRKMEWDQV.HPTTVVHAALSERA 334
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Pfam *->3vafGDS1tdggg. . cvvrenannann ayygdsdgggwgagladrltsla..rlrargrgvdv
Sriml 38 YVALGDSYSSGVG. . coavcveerne agSYDSSSGSCKRSTKSYPALWAAS. . ——~-~HTGTRF B1
Scoel 5 YVAVGDSFTEG——-....... QPP ~-VGDPGPDGAFVGWADRLAVLL. . ADRRPEGDFTY 47
Scoe2 10 LVAVGDSFTEG==..cvcccevoscann ~-MSDLLPDGSYRGWADLLATRM. . ~~AARSPGFRY 50
Ahydl 28 IVMFGDSLSDTGKmyskmrgylpssppYYEGRFSRGPVWLEQLTNEFPGLTiaNEAEGGPTAVA 91
Asall 28 IVMEGDSLSDTGKmyskmrgylpssppyYEGRFSNGPVWLEQLTRQF~—-~. ., —————-— PGLTI 79

Ahyd2 40 IVMEGDSLSDTGRmyskmrgylpssppyYYEGRESNGPVWLEQLTRQFPGLTiaNEAEGGATAVA 103

pfam fnrgisGrtsdGrlvvDarlvatliFlaqflGlnlipPYLsgdf1xrGANFAsagAtIlgtslipflni

Sriml 82 NFTACSGAR a0

Scoel 48 TRLAVRGRL S 56

Scoe2 51 ANLAVRGKL 59

Ahydl - 92 YNKISWNPK 100

Asall 80 ANEAEGGAT 88

Ahyd2 104 YNKISWNPK: 112
v

Pfam QvgFkdfkskvlelrga...... 1gllgellrlvpvldakspdlvtimiGtNDl...itvakfgpks

Sriml 91 -——----om ... ---TGDVLARQLTPVNSGTDLVSITIGGNDAGgfaDTMTTCNLOG 131

scoel 57 —————-memmommmee— L., ~-LDQIVAEQVPRVVGLAPDLVSFAAGGNDI. . .~~—-~I~~~— B6

Scoe2 60 ———=-—mm—m——————— ... --IGQIVDEQVDVAARMGADVITLVGGLNDT. . .——

Ahydl 101 -----~-c=e—-- YOVI...... NNLDYEVTQFLQKDSFKPDDLVILWVGANDY. . .-—

Asall : -~ AVAYNKISWNpXyquyNNLDYEVTOFLOKDSFRPDDLVILWVGANDY. . . ~———~——

Ahyd2 113 ——=---—=————-— YOVI...... NNLDYEVTQFLQOKDSFKPDDLVILWVGANDY.. .~———————-

Pfam = ....... tksdrnvsvpefrdnlrklikrLrsangariiilitlivllnlplplGCl

Sriml 132 esaclarTIAKARAYIQQTLPAQLDQVYDAIDSRAPAA-----QVVVLGYP-—~—-—— 176

Scoel B7 ....... -—-RPGTDPDEVAERFELAVAALT-AAAGTVLVTTGFDTRGVP~~-——~~ 125-

Scoe2 B9 .......-——-—-———— LRPRCDMARVRDLLTQAVERLAPHCEQLVEMRSP———~—— 122

Ahydl 138 ....... YGWNTEQDARRVRDAISDAANRMV-LNGAR~~~—— EILLFNLP--—-—~ 174

Asall 138 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGAK: QILLENLP 174

Ahyd2 150 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGRAK———-~ QILLEFNLP—-———— 186

Pfam pgklalalassknvdatgclexlneavadynealrelaeieklgaglrkdglpdlkeanvpy

Sriml .177 —-RFYKLGGSCAVGLSERSRAAINAAADDINAVTAKRA: ADHGFAF 219

Scoel 126 VLKHLRGKIATYNGHVRAIA: DRYGCPV 152

Scoe2 GRHGAVV 154

Ahydl RQLAPTGMVKLEFEIDKQF 224

Asall RQLAPTGMVKLFEIDRQF 224

Ahyd2 187 —~----DLGONPSARSQRVVEAVSHVSAYHNQLLLNLA-—==--— ROLAPTGMVKLFEIDRQF 236

Pfam VDlysifqdldgignpsayv.y....GFeet.kaCCGyGgr.yNyn.rv.CGnag.l.ck.vtakaC

Sriml 220 GDVNT~-———————m——=>-— [ ,m———————— .-TFAGHEICSGAPWL.HS.VT~-~-—— 242

Scoel 153 LDLWSLRSVQDRRA--—=--— PR emmmm————— e T m——— e T e ———— 166

Scoe2 155 VDLYGAQSLADPRM e Tena- - s em e~~~ ,———--—— 168

Ahydl 225 AEMLRDPONFGLSDQRNACYQGSyvwKPFASrSASTDSQLSaFNPQeRLaIAGNP1LaQAVASPMAA 291
Asall 225 AEMLRDPONFGLSDVENPCYdGgyvwKPFATrSVSTDROLSaFSPQeRLaIAGNP1LaQAvVASPMAR 291
Ahyd2 237 AEMLRDPONFGLSDVENPCYdGgyvwKPFATrSVSTDROLSaFSPQeRLaIAGNP1LaQAvASPMAR 303

\

Pfam .dassyll.atlfwhgf.HpsekGykavAeal<-*

Sriml LPVENSYHPTANGQSKGYLPV 263
Scoel ~—= . —~~WDADRL . HLSPEGHTRVALRA 186
Scoe2 169 .-—--=-~_ ~~WDVDRL.HLTAEGHRRVAEAV 188
Bhydl 292 rSASTLNCeGRMFWDQV.HPTTVVEAALSEPA 322
Asall 292 rSASPLNCeGRMEWDQV.HPTTVVHAALSERA 322
Ahyd2 304 rSASPLNCeGRMEWDQV.HPTTVVHAALSERA 334
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Figure 35

(SEQ ID No. 30)

1

51
101
151
201
251
301

MFRKFKKRFLV GLSAALMSIS LFSATASAAS ADSRPAFSRI
GKMYSKMRGY LPSSPPYYEG RFSNGPVWLE QLTRQFPGLT
AVAYNKISWN PKYQVINNLD YEVTQFLOKD SFRKPDDLVIL
GWNTEQODAKR VRDAISDAAN RMVLNGARQI LLFNLPDLGQ
EAVSHVSAYH NQLLLWLARQ LAPTGMVEKLF EIDKQFAEML
VENPCYDGGY VWKPFATRSV STDRQLSAFS PQERLAIAGN
MARRSASPLN CEGEMFWDQV HPTTVVHAAL SERAATFIAR

VMFGDSLSDT
JANEAREGGAT
WVGANDYLAY
NPSARSQKVV
RDPONFGLSD
PLLAQAVASP
QYEFLAR**
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Figure 36 (SEQ ID No. 31)

1 ATGTTTAAGT TTAAMAAAGAR TTTCTTAGTT GGATTATCGG CAGCTTTAAT
TACAAATTCA RATTTTTCTT AARAGAATCAA CCTAATAGCC GTCGRARTTA

51 GAGTATTAGC TTGTTTTCGG CAACCGCCTC TGCAGCTAGC GCCGACAGCC
CTCATAATCG AACARAAAGCC GTTGGCGGAG ACGTCGATCG CGGCTGTCGG

101 GTCCCGCCTT TTCCCGGATC GTGATGTTCG GCGACAGCCT CTCCGATACC
CAGGGCGGAR AAGGGCCTAG CACTACAAGC CGCTGTCGGA GAGGCTATGG

151 GGCARAATGT ACAGCAAGAT GCGCGGTTAC CTCCCCTCCA GCCCGCCCTA
CCGTTTTACA TGTCGTTCTA CGCGCCAATG GAGGGGAGGT CGGGCGGGAT

201 CTATGAGGGC CGTTPCTCCA ACGGACCCGT CTGGCTGGAG CAGCTGACCA
GATACTCCCG GCARRGAGGT TGCCTGGGCA GACCGACCTC GTCGACTGGT

251 AACAGTTCCC GGGICTGACC ATCGCCAACG AAGCGGAAGG CGGTGCCACT
TTGTCARGGG CCCAGACTGG TAGCGGTTGC TTCGCCTTCC GCCACGGTGA

301 GCCGTGGCTT ACARCAAGAT CTCCTGGAAT CCCAAGTATC AGGTCATCAA
CGGCRCCGAAR TGTTGTTCTA GAGGACCTTA GGGTTCATAG TCCAGTAGIT

351 CAACCTGGAC TACGAGGTCA CCCAGTTCTT GCAGAAAGAC AGCTTCAAGC
GTTGGACCTG ATGCTCCAGT GGGTCAAGAA CGTCTTTCTG TCGAAGTTCG

401 CGGACGATCT GGTGATCCTC TGGGTCGGTG CCAATGACTA TCTGGCCTAT
GCCTGCTAGA CCACTAGGAG ACCCAGCCAC GGTTACTGAT AGACCGGATA

451 GGCTGGAACA CGGAGCAGGA TGCCARGCGG GTTCGCGATG CCATCAGCGA
CCGACCTTGT GCCTCGTCCT ACGGTTCGCC CAAGCGCTAC GGTAGTCGCT

501 TGCGGCCAAC CGCATGGTRAC TGAACGGTGC CAAGCRGATA CTGCTGTTCA
ACGCCGGTTG GCGTACCATG ACTTGCCACG GTTCGTCTAT GACGACAAGT

551 ACCTGCCGGA TCTGGGCCAG AACCCGTCAG CTCGCAGTCA GAAGGTGGTC
TGGACGGCCT AGACCCGGTC TTGGGCAGTC GAGCGTCAGT CTTCCACCAG

601 GAGGCGGTCA GCCATGTCTC CGCCTATCAC AACCAGCTGC TGCTGAACCT
CTCCGCCAGT CGGTACAGAG GCGGATAGTG TTGGTCGACG ACGACTTGGA

651 GGCACGCCAG CTGGCCCCCA CCGGCATGGT AAAGCTGTTC GAGATCGACA
CCGTGCGGTC GACCGGGGGT GGCCGTACCA TTTCGACAAG CTCTAGCTGT

701 AGCAATTTGC CGAGATGCTG CGTGATCCGC AGAACTTCGG CCTGAGCGAC
TCGTTAAACG GCTCTACGAC GCACTAGGCG TCTTGAAGCC GGACTCGCTG

751 GTCGAGAACC CCTGCTACGA CGGCGGCTAT GTGTGGAAGC CGTTTGCCAC
CAGCTCTTGG GGACGATGCT GCCGCCGATA CACACCTTCG GCAARCGGTG

801 CCGCAGCGTC AGCACCGACC GCCAGCTCTC CGCCTTCAGT CCGCAGGAAC
GGCGTCGCAG TCGTGGCTGG CGGTCGAGAG GCGGAAGTCA GGCGTCCTITG

851 GCCTCGCCAT CGCCGGCAARC CCGCTGCTGG CACAGGCCGT TGCCAGTCCT
CGGAGCGGTA GCGGCCGTTG GGCGACGACC GTGTCCGGCA ACGGTCAGGA

901 ATGGCCCGCC GCAGCGCCAG CCCCCTCAAC TGTGAGGGCA AGATGTTCTG
TACCGGGCGG CGTCGCGGTC GGGGGAGTTG ACACTCCCGT TCTACAAGAC

951 GGATCAGGTA CACCCGACCA CTGTCGTGCA CGCAGCCCTG AGCGAGCGCG
CCTAGTCCAT GTGGGCTGGT GACAGCACGT GCGTCGGGAC TCGCTCGCGC

1001 CCGCCACCTT CATCGCGAAC CAGTACGAGT TCCTCGCCCA CTGATGA
GGCGGTGGAA GTAGCGCTTG GTCATGCTCA AGGAGCGGGT GACTACT
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Figure 37

SEQ ID NO. 32:

ACAGGCCGATGCACGGAACCGTACCTTTCCGCAGTGAAGCGCTCTCCCCCCATCGTTCGC -
CGGGACTTCATCCGCGATTTITGGCATGAACACTTCCTTCAACGCGCGTAGCTTGCTACAA
GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATTCCTCGGGCAACGGCGCCGGAAGTT
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGG
CGGCCAACGCACCGTCCTCCTTCACCTTCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGC
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATGTACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCGACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTICT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCGTCACGCTCGGCGCGGGCGCCGCAGCGCGTTIGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGGGGCTCGTACCGGATGATGTGCAGATCCAAAGAATT

FIGURE 38

SEQ ID NO. 33:

MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN

NAYPARWAAANAPSSFTFAACSGAVT TDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSbiTKRAAINTTADTLNSVlSSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE
SYHPTSTGHQSGYLPVLNANSST
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Figure 39

SEQ ID No. 34

ZP 00058717
1 miphpagerg evgaffaliv gtpqdrir echetrpirg rcgcgerrvp plilpgdgvi

61 ciisstrdae tvwrkhlqpr pdggfrphig vgcllagqgs pgviwegreg crfeverrdt
121 pglsrimgd ssppfragws Ippkcgeisq sarkipavpr ysiirtdrpd gprgrivgsg
181 praatrmiif Igipalvivt altiviavpt gretiwrmwe eatqdwelgv pvdsrggpae
241 dgefilispv qaatwgnyya lgdsyssgdg ardyypgtav kggcwrsana ypelvaeayd
301 faghisflac sgqrgyamid aidevgsqlid wnsphtsivt igiggndigf stvikicmvr
361 vplidskact dgedairkrm akfetifeel isevrtrapd arilvvgypr ifpeeptgay
421 ytitasngrw Inetiqefng glaeavavhd eeiaasggvg svefvdvyha Idgheigsde
481 pwvngvqlrd latgvtvdrs tthpnaaghr avgervieqi etgpgrplya tfavvagatv
541 dilagevg
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FIGURE 40 -

SEQ ID No. 35

1 ggtggtgaac cagaacacce ggtcgtcgge gtgggegtee aggigeaggt geaggtictt
61 caactgctec agcaggatge cgecgtggece gigcacgatg gecttgggea ggectgtggt
121 cccegacgag tacagcaccce atageggatg gtcgaacgge ageggggtga actecagtic
181 cgegecticg ccegeggett cgaacteege ccaggacagg gtgteggega cagggeegea
241 gcccaggtac ggcaggacga cggtgtgetg caggetggge atgcegtcge geagggctit
301 gagcacgtca cggcggtega agtecttace geegtagegg tagecgteca cggecageag
361 cactitcggt tcgatctgeg cgaaccggic gaggacgety cgcaccecga agtcggggga
421 acaggacgac caggtcgcac cgategegge gcaggegagg aatgeggecg tegectegge
481 gatgticggc aggtaggcca cgacceggte gecggggeee acceegagge tgeggagage
541 cgcagegate gecggeggige gggtecgeag tictceceag gtecactcgg tcaacggecg
601 gagticggac gegtgcegga tegecacgge tgatgggtea cggtegegga agatgtgcte
661 ggcgtagttg agggtggege cggggaacca gacggegeeg ggcatggegt cggaggegag
721 cactgtggtg tacgaggtgg cggcegegeac cecggtagtac teccagateg cggaccagaa
781 {ccticgagg teggttaceg accagegeca cagtgecteg tagtceggtg cgteccacace
841 gcggtgctee cgcacceage gggtgaacge ggigaggttg gegegtictt tgcgetecte
901 gtcgggactc cacaggatcg gecggctgegg citgagtgte atgaaacgeg accecitegt
961 ggacggtgeg gatgcggtga gegtcaggtg cetecectaa egeteecegg tgacggagta
1021 tigtgcacca catctagcac gcgggacgeg gaaaccgtat ggagaaaaca cctacaacce
1081 cggccggacg gtgggtitcg gccacactta ggggteagat gectgetige cgggeaggge
1141 agtcccgggg tgctgtggta cgggegggag ggcetgteget tegaggtgtg cecggegggac
1201 actccgggcece tcageegtac cecgeaacgag gacagticte cteccttceg ggetggatgg
1261 teecticecee cgaaatgegg cgagatcetee cagtcageee ggaaaacacce cgctgtgeee
1321 aggtactctt tgcticgaac agacaggeeg gacagtccac gggggaggtt tgtgageage
1381 ggaccacgtg cggcgaccag acgacggttg ttecteggta teceegetcet tgtactigtg
1441 acagcegctca cgctggtett ggetgtcecg acggggegeg agacgcetgtg gegeatgtag
1501 tgtgaggcca cccaggacty gtgectggag gtgeeggteg actcccgegg acagectgeg
1561 gaggacggcyg agttictget gettictecg giccaggeag cgacetgggg gaactattac
1621 gcgetcgggg attcgtacte ttcgggggac ggggeceegeg actactatee cggcaccegeg
1681 gtgaagggcg gttgctggeg gtecegetaac gectateegg agetggtege cgaagectac
1741 gacticgeeg gacactigte gttcctggec tgcageggee agegeggeta cgecatgett
1801 gacgctateg acgaggtegg ctcgeagetg gactggaact ceectcacac gtegetggig
1861 acgatcggga tcggeggceaa cgatctgggg tetecacgg tittgaagac ctgeatggtg
1921 cgggtgcege tgctggacag caaggegtge acggaccagg aggacgcetat ccgcaagegg
1981 atggcgaaat tcgagacgac gtttgaagag ctecatcageg aagtgegeac ccgegegeeg
2041 gacgcccgga teettgicgt gggcetaccee cggatttitc cggaggaacc gaccggegee
2101 tactacacgc tgaccgegag caaccagegg tggctcaacg aaaccatica ggagticaac
2167 cagcagceteg ccgaggetgt cgeggtecac gacgaggaga ttgecgegtc gggeggggtg
2221 ggcagcegtag agttcgtgga catctaccac gegttggacg gecacgagat cggeteggac
2281 gagcegtggg tgaacgggat gcagttgegg gacctegeca cecggggtgac tgtggaccge
2341 agtaccttce accccaacge cgetgggeac cgggeggteg gtgagegggt catcgageag
2401 atcgaaaccg geeecgggecg teegetetat gecactiteg cgatggtgge gggggegace
2461 gtggacactc tcgegggega ggtagggtga cecggettac cgteeggece geaggtetge
2521 gagcactgceg gegatetggt ccactgecca gtgeagticg tettcggtga tgaccagegg
2581 cggggagagc cggategtty agecgtgegt gtettigacg agcacaccee getgcaggag
2641 ccgttcgeac agtictctic cggtggecag aglegggteg acgtegatee cageccacag
2701 gcegatgctg cgggecgega ccacgecgtt gccgaceagt tggtcgagge gggegegeag
2761 cacgggggeg agggegegga catggtecag gtaagggeceg tegeggacga ggcteaccac
2821 ggcagtgcecg accgegeagg cgagggegtt gecgecgaag gtgetgeegt getggecggg
2881 gcggatcacy tcgaagactt ccgegtegece taccgeeger gecacgggea ggatgecgee
" 2941 geecagegct ttgccgaaca ggtagatatc ggegtegact cegetgtogt cgcaggeceg -
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FIGURE 41

SEQ ID No. 36

1 vgsgpraatr rrifigipal vivtaltivi avptgretiw rmwceatqdw clgvpvdsrg

61 gpaedgefll Ispvaaatwg nyyalgdsys sgdgardyyp gtavkggcwr sanaypelva
121 eaydfaghls flacsgqrgy amldaidevg sqldwnspht sivtigiggn digfstvikt
181 cmvrvpllds kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 tgayytltas ngrwinetiq efnqqlaeav avhdeeiaas ggvgsveivd vyhaldghei
301 gsdepwvngyv qlrdiatgvt vdrstthpna aghravgerv ieqietgpgr plyatfavva
361 gatvdtiage vg

FIGURE 42

SEQ ID No. 37

1 mrttviaasa llllagcadg areetagapp gessggiree gaeastsitd vyialgdsya
61 amggrdqplr gepfclrssg nypellhaev tdlicqgavt gdlieprtig ertipaqvda
121 ltedttivil siggndlgfg evagcireri agenaddcvd ligetigegl dalppqgldrv
181 heairdragd aqvwvigylp lvsagdcpel gdvseadrrw aveltggine tvreaaerhd
241 alfvipddad ehtscappqq rwadiqgqqt dayplhptsa gheamaaavr dalglepvap
n
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FIGURE 43

SEQ ID No. 38

1 tictggggtg ttatggggtt gitatcgget cgtectgggt ggateecgee aggtggogta

61 ttcacggggg actitigigt ccaacagecg agaatgagtg ccctgagegg tgggaatgag

121 gtgggegagg ctgtatcgee atgaggggge ggegggetet gtagtgecee gegacceeeg
181 geceeggtga geggtgaatlg aaatceggct gtaatcagea tecegtgece acceegtegg
241 ggaggtcage geeecggagtg tetacgeagt cggatectet cggactegge catgetgteg

301 gcageatcge getecegggt cttggegtee cteggetgtt ctgectgetg teectggaag

361 gcgaaatgat caccggggag tgatacaccg gtggtcteat cecggatgee cactteggeg
421 ccatccggea attcgggeag ctecaggtgg aagtaggtgg catecgatge gicggtgacg
481 ccatagtggg cgaagatcic atcctgeteg agggtgetea ggecactete cggategata

541 tcgggggcegt ccitgatgge gtectigetg aaacegaggt gcagettgtg ggcttccaat

601 ticgcaccac ggagegggac gaggctggaa tgacggeega agageccgtg gtggacctca
661 acgaaggtgg gtagtccegt gteatcatlg aggaacacge cetecacege acceagcettg
'721 tggeeggagt tgtegtagge getggeatee agaagggaaa cgateteata titgteggtg

781 tgctcagaca tgatcticct ttgetgtcgg tgictggtac taccacggta gggetgaatg

841 caactgttat ttitctgita tittaggaat tggtccatat cccacagget ggctgtggte

901 aaatcgtcat caagtaatee cigtcacaca aaatgggtgg tgggagecct ggtegeggit

961 ccgtgggagg cgecgtgeee cgeaggatceg teggeatcgg cggatetgge cggtaceeeg
1021 cggtgaataa aatcaticlg taaccticat cacggttgat titaggtatc cgeccctitc

1081 gtcetgacee cgteccegge gegegggage cegegggttg cggtagacag gggagacgtg
1141 gacaccatga ggacaacggt catcgcagea agegeattac tectictege cggatgegeg
1201 gatggggeee gggaggagac cgecggtgea cegeegagty agtectcegg gggeateegg
1261 gaggaggggg cggaggcegic gacaagceatc accgacgtct acatcgecct cggggattee
1321 tatgcggega tgggegggcg ggatcageeg ttacggggtg agecgtictg cetgegeteg
1381 tceggtaatt acccggaact cetecacgea gaggtcaceg atetcacctg ccagggggeg
1441 gtgaccggag atctgetega acccaggacy ctgggggage geacgetgee ggegeaggtg
1501 gatgcgcetga cggaggacac caccctggte acecteteea tcgggggeaa tgacctcgga
1561 ttcggggagg tggegggatg catccgggaa cggategecg gggagaacge tgatgattge
1621 gtggacctge tgggggaaac catcggggag cagctegate agettcceee geagelggac
1681 cgegtgcacg aggcetatceg ggaccgegee ggggacgege aggttgtggt caccggttac
1741 ctgcegeteg tgtetgecgg ggactgeece gaactggggg atgtetcega ggeggategt
1801 cgttgggegg ttgagetgac cgggeagate aacgagaceg tgegegagge ggecgaacga
1861 cacgatgccc fcttigtect gececegacgat gecgatgage acaccagtitg tgeacececa
1921 cagcagcgct gggeggatat ccagggecaa cagaccgatg cetatceget gcaccegace
1981 tccgeeggec atgaggegat ggeegecgee gtecgggacg cgetgggect ggaaccggte
2041 cagccegtage gecgggegeg cgctigicga cgaccaacce atgecaggcet gcagicacat
2101 ccgcacatag cgegegeggg cgatggagta cgcaccatag aggatgagece cgatgeegac
2161 gatgatgagc agcacactge cgaagagtig ttcccegagg gtgegeagag cecgagtecag
2221 acctgeggce tgctceggat catgggecca acecggegatg acgatcaaca ccecccaggat
2281 cccgaaggeg ataccacggg cgacataace ggctgticeg gtgatgatga fegeggteee
2341 gacctgeect gaccecgeac cegectecag atcctecegg aaatcceggg tggeceectt
2401 ccagaggttg tagacacccg cecccagtac caccageeeg gegaccacaa ccagecaccac
2461 accccaggagt tgggatagga cggtggeaat gacateggtg geggtetece catcggaggt
2521 gelgeegece cgggegaagg tggaggtggt caccgecagg gagaagtaga ceatggecat
2581 gaccgecccec ttggeccttt cetigaggte ctegeeegee ageagetgge teaattgeca

2641 gagtcccagg gecgecaggg cgatgacgge aacccacagg aggaactgee cacceggage
2701 clcegegatg gtggecaggg cacctgaatt cgaggectca tcaccegaac cgecggatee
2761 agtggcgatg cgcaccgega tecaccegat gaggatgtge agtatgeececa ggacaatgaa
2821 accacctctg geccagggtgg tcagegeggg gtggtectcg gectggtegg cagecegtic
2881 gatcgtecgt ttcgeggate tggtgtegee citatccata geteceattg aaccgecttg

2941 aggggtgggce ggecactgte agggeggatt gtgatctgaa ctgtgatgtt ccatcaacce

n
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FIGURE 44

SEQ ID No. 39

ZP 00094165

1 mgqvkifarr capvilalag lapaatvare aplaegaryv algssfaagp gvgpnapgsp
61 ercgrgtiny phiiaealkl divdatcsga tthhvigpwn evppqidsvn gdtriviiti
121 ggndvsfvgn ifaaacekma spdprcgkwr eiteeewqad eermrsivrq iharaplarv
181 vvvdyitvlp psgtcaamai spdriagsrs aakrarita rvareegasi Ikfshisrrh
241 hpcsakpwsn glsapaddgi pvhpnrigha eaaaalvklv kimk
/)

FIGURE 45

SEQ ID No. 40

1 tgcecggaact caageggegt ctageegaac teatgececga aagegegtgg cactatcecg
61 aagaccaggt ctcggacgec agegagegece tgatggecge cgaaatcacg cgegaacage
121 tctaccgeca getecacgac gagetgecect atgacagtac cgtacgtece gagaagtace
181 fccatcgcaa ggacggticg atcgagatee accagcagat cgtgattgee cgegagacac
241 agcgtcegat cgtgetggae aagggtggeg cgaagatcaa ggegatcgga gaggecgeac
301 gcaaggaact ticgcaattg ctcgacacca aggtgcacct gttectgeat gtgaaggteg
361 acgagegctg ggecgacgec aaggaaatcet acgaggaaat cggcectegaa tgggtcaagt
421 gaagctcttc gcgegeegcet gegeeceagt actictegee cttgeeggge tggetcegge
481 ggctacggtc gegegggaag caccgetgge cgaaggegeg cgttacgttg cgctgggaag
541 clccttegee geaggtcegg gegtggagee caacgegece ggategeeeg aacgcigegg
601 ccgaggeacy cteaactace cgeacctget cgcegaggceg cicaageteg atctegtega
661 tgcgacctge ageggegega cgacecacca cgtgetggge ceetggaacg aggttecoee
721 fcagatcgac agegtgaatg gegacacecg cetegicace ctgaccateg geggaaacga
781 igigtegtic gteggeaaca tettegeege cgettgegag aagatggegt cgeccgatee
841 gegetgegge aagtggeggg agatcaccga ggaagagtgg caggecgacg aggageggat
901 gegctecate gtacgecaga tccacgeeeg cgegectete geceggatag tggtggtega
961 ttacatcacg gtectgcege catcaggeac ttgegetgec atggegattt cgecggacceg
1021 gctggeccag agecgeageg cegegaaacg gettgeeegg attaccgeac gggtegegeg
1081 agaagagggt gcategcige tcaagttcte geatateteg cgecggeace atecatgete
1141 tgccaagecc tggageaacg gectitcege ceceggecgac gacggeatee cggtocatee
1201 gaaccggctc ggacatgetg aageggcage ggegetggtc aagctigtga aattgatgaa
1261 gtagclactg cactgatitc aaatagtatt gcctgtcage titccagece ggatigtige
1321 agcgeaacag aaactigtce gtaatggatt gatgagtttat gtcgetegea aattgeegtc
1381 gaagggaacg ggcgegtege tegttaacgt cetgggtgea geagtgacgg agegegtgga
1441 tgagtgatac tggcggtgtc atcggtgtac gegecgeceat teceatgect gtacgegeeg

n
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FIGURE 46

SEQID No. 41
NP_625998.

1 mrrfrlvgfl ssiviaagaa ltgaataqaa qpaaadgyva Igdsyssgvg agsyisssgd
61 ckrstkahpy waaahspst fdftacsgar tgdvisgqlg plssgtglvs isiggnd agf
121 adtmttcvig sessclsria taeayvdstl pgkldgvysa isdkapnahv wigypriyk
181 Igitciglse tkritainkas dhintviaqr aaahgftfgd vittitghel csgspwihsv
241 nwinigesyh ptaagqsggy Ipvingaa :
/]

FIGURE 47

SEQ ID No. 42

1 cceggeggec cglgcaggag cageagecgg ceegegatgt cetecgggegt cgtcitcate
61-aggccgteca tegegtegge gaccggegec gtgtagttgg cocecggaccte gtcccaggtg
121 cccgeggega tetggegagt ggtgeggtge gggecgegec gaggggagac gtaccagaag
181 cccatcgtea cgtictecag ctgeggticg gactegteeg cegeteegte cgtegectcg
241 ccgagceacct teteggegag gteggegetg gtegeegtea cegtgacgtc ggegeccegg
301 ctccagegeg agatcageag cgtecageceg tegeectioeg ceagegtege getgeggteg
361 tegtegeggg cgatcegeag cacgegegeg cegggeggea geagegtgge gecggaccgt
421 acgcggtega tgttcgeege gtgegagtac ggetgeteac cegtggegaa acggecgagg
481 aacagcgegt cgacgacgtc ggacggggag tegcetgtegt ccacgtigag cocggatcgge
541 agggcttcgt gcgggttcac ggacatgtcg ceatgategg geacceggec gecgegtgea
601 cccgctitce cgggeacgcea cgacagggge ttictegeeg tettcegtce gaacttgaac
661 gagtgtcage catticitgg catggacact tccagtcaac gegegtagcet getaccacgg
721 tigtggcage aatcctgeta agggaggttc catgagacgt tteegacttg teggettect
781 gagttcgcte giectegeeg ceggegecge cetcaccggg gecagegaceg cccaggegge
841 ccaacccgee gecgecgacg getatgtgge ceteggegac tectactect ccggggtegg
901 agcgggcagce tacatcagcet cgageggega clgecaagege ageacgaagg ccecatcecta
961 cctgtgggeg gecgeecact cgecctecac gticgactte acegectgtt ccggegeecg
1021 tacgggtgat gtictctccg gacagcetcgg cecegetcage tecggeaceg geetegtete
1081 gatcagcatc ggcggeaacg acgecggtit cgccgacacce atgacgacct gtgtgcetcea
1141 gtccgagagc tectgeetgt cgeggatege caccgecgag gegtacgteg actcgacget
1201 gcecggceaag ctegacggeg tetactcgge aatcagegac aaggegeega acgeccacgt
1261 cgtcgtcate ggctaccege gettctacaa getcggeacce acctgeateg gectgtecga
1321 gaccaagcgg acggcgatca acaaggecte cgaccacctc aacacegtce tcgeecageg
1381 cgecgecgec cacggcttea cetteggega ocgtacgeacce accticaceg gecacgaget
1441 gtgctecgge ageeectgge tgecacagegt caaclggetg aacatcggeg agtegtacca
1501 cceccacegeg gecggecagt ceggtggeta cetgecggte ctecaacggeg cegectgace
1561 tcaggcggaa ggagaagaag aaggagcegga gggagacgag gagtgggagg cccegecega
1621 cggggtcecce gicecegtet cegteteegt coeggteceg caagtcaccg agaacgecac
1681 cgcegteggac gtggeeegea ceggactceg cacclecacg cgeacggeac tetcgaacge
1741 gecggtgteg tegtgegteg tcaccaccac geegteetgg cgegageget cgeegecega
1801 cgggaaggac agecgtecgee accecggate ggagaccgac cegtecgegg tcacccaccg
1861 gtagecgacc tecgegggea gecgecegac cgtgaacgtce geegtgaacg cgggtgeceg
1921 gtcgtgeggce ggeggacagg ceececgagta glgggtgege gageecacca cggteacctc
1981 caccgactge gctgegggge
i
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FIGURE 48

SEQ ID No. 43

NP _827753.

1 mrrsritayv tslllavgca ltgaataqas paaaatgyva lgdsyssgvg agsylsssgd
61 ckrsskaypy lwqaahspss fsfmacsgar tgdvlanglg tinsstglvs ltiggndagf
121 sdvmttcvlq sdsaclsrin takayvdstl pgqldsvyta istkapsahv avigyprfyk
181 Iggsclagls etkrsainda adylnsaiak raadhgfifg dvkstiighe icssstwihs
241 Idilniggsy hptaagqgsag ylpvmnsva

FIGURE 49

SEQ ID No. 44

1 ccacegecgg gieggeggeg agteteetgg ceteggtege ggagagattg gecgtgtage

61 cgtticagcge ggegeegaac gictictica cegtgecgee gtactegttg atcaggecct
121 tgcecttget cgacgeagec ttgaageegg tgecctictt gagegtgacg atgtagetge
181 ccttgatcge ggtgggggag ccggeggega geacegtgee cteggecgag gtggeetggg
241 cgggeagtge ggtgaatceg cccacgaggg cgeeggtege cacggeggtt atcgeggega
301 tccggatctt cttgetacge agcetgtgeca tacgagggag tectectetg ggeageggeg
361 cgeetgggty gagegeacyg cigtggggag tgegegegte atcacgeaca cggecectgga
421 gegtegtgtt cegecclggg ttgagtaaag coteggecat ctacgggggat ggetcaagag
481 agttgagacc clgtcatgag tctgacatga gcacgeaatc aacggggceceg tgagcaccee
541 ggggcgacce cggaaagtge cgagaagtct tggcatggac acticetgte aacacgegta
601 gctggtacga cggttacage agagateetg ctaaagggag gttccatgag acgticecega
661 attacggcat acgtgacctc actectecte geegteggcet gegeectecac cggggeageg
721 acggcgceagg cgiccccage egecgeggec acgggetatg tggeectegg cgactegtac
781 tcgtecggtg tecggegeegg cagetaccte agetccageg gegactgeaa gegceagtteg
841 aaggcctatc cgtacctetg gcaggeegeg cattcacect egtegticag tttcatggcet
901 tgcicgageg clicgtacggg tgatgteetg gecaatcage teggeacccet gaactegtee
961 accggcectgg teteecteac catcggagge aacgacgegg gettctecga cgteatgacg
1021 acctgtgtgc tecagtecga cagegectge ctctecegea tcaacacgge gaaggegtac
1081 gtcgactcca ccctgecegg cecaactcgac agegtgtaca cggegatecag cacgaaggece
1141 ccgteggecec atgtggecat getgggetac cecegctict acaaactggg cggetectge
1201 ctcgegggec tetcggagac caageggtce gecatcaacg acgeggecga ctatctgaac
1261 agcgccatcg ccaagegege cgecgaccac ggettcacct tcggegacgt caagageacce
1321 ttcaccggee atgagatetg ctecagecage acctggetge acagictega cetgetgaac
1381 atcggccagt cctaccacce gaccgeggee ggecagtceg geggctatet geeggteatg
1441 aacagcgtgg cctgagetee cacggectga atttitaagg cctgaattit taaggegaag
1501 gtgaaccgga agcggaggee ccgieegteg gggicteegt cgcacaggtc accgagaacg
1561 gcacggagtt ggacgtegtg cgecaccgagt cgegeacctc gacggegate tegticgaga
1621 tegttceget cgtgtcgtac gtggtgacga acacctgctt ctgetgggte tttcegeege
1681 tcgeecgggaa ggacagcgtc ticcageceg gatcecgggac ctegeccttc tiggtcacee
1741 agcggtactc cacclcgace ggcaceegge ccacegtgaa ggtegeegtg aacgtgggeg
1801 cctgggeggt gggeggeggg caggcaccgg agtagteggt gtgcacgeeg gtgacegtea
1861 ccticacgga ctgggeegge ggggtegteg tacegeegee gecacegeeg ceteceggag

P 1921 tggageecga getgtggteg ceecegecgt cggegttgte gtecteggag gttttegaac
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FIGURE 50

SEQ ID No. 45

‘MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN

NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
- CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE
SYHPTSTGHQSGYLPVLNANSST

FIGURE 51

SEQ ID No. 46

ACAGGCCGATGCACGGAACCGTACCTTTCCGCAGTGAAGCGCTCTCCCCCCATCGTTCGC
CGGGACTTCATCCGCGATTTTGGCATGAACACTTCCTTCAACGCGCGTAGCTTGCTACAA
GTGCGG CAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTEGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATICCTCGGGCAACGGCGCCGGAAGTT
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGLCGG
CGGCCAACGCACCGTCCTCCTTICACCTTCGCGGCCTGCTCGCGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGC
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATGTACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCBACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGA'ITCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTG'ITCT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCGTCACGCTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCG GTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTIGCCACCGTCCGCGTAGACCGCTTICCATGGT
CGCCAGCCGGTCCCCGCGGAACTCCGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGGGGCTCGTACCGGATGATGTGCAGATCCAAAGAATT
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FIGURE 52
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FIGURE 53
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FIGURE 54
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